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control devices and a controller. The controller 1s connected
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signal to the motor control devices. Each motor control
device includes a communication controller, a rotation con-

troller, and a drive unit, and drives a motor of a correspond-
ing shaft. The communication controller transmits and
receives signals including the command signal, and deter-
mine whether the command signal 1s received normally. The
rotation controller generates a torque command to operate
the corresponding motor. The drive unit generates a drive
voltage for electrification to drive the corresponding motor
in accordance with the torque command. When a motor
control device detects failure 1n reception, the motor control
device outputs a torque command for braking torque to stop
the corresponding motor.
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1
MULTTAXIAL MOTOR CONTROL SYSTEM

This application 1s a U.S. national stage application of the
PCT International Application No. PCT/JP2017/009125
filed on Mar. 8, 2017, which claims the benefit of foreign

priority of Japanese patent application 2016-050331 filed on
Mar. 15, 2016, the contents all of which are incorporated
herein by reference.

TECHNICAL FIELD

The present invention relates to a motor control system
configured to control a multiaxial machine including a
plurality of shafts.

BACKGROUND ART

There has conventionally been proposed a technique of
emergently stopping a motor for safety or the like 1n a motor
control system configured to control a multiaxial machine
including a plurality of shafts and having a gantry structure
or the like (see PTL 1 and the like).

Such a conventional multiaxial motor control system
executes emergency stop in the following manner. The
conventional system includes a controller configured to
control motor control devices for a plurality of shaits via
communication lines. When any one of the shafts has
malfunction, the motor control device for the malfunction-
ing shaft iitializes motor positional deviation information
and notifies a functioning shaft with no malfunction of
malfunction occurrence miormation and motor driven posi-
tion information. The motor control device for the function-
ing shatt simultaneously causes the functioning shaft to be
controlled to follow the maltunctioning shaft 1n accordance
with the malfunction occurrence information and the motor
driven position information thus recerved on the malfunc-
tioming shaft. This conventional system drives and controls
to cause the functioning shait to follow in accordance with
the position information on the malfunctioning shait to
decrease an interaxial error between the functioning shaft
and the malfunctioning shait and eventually stop the shaftts
at an 1dentical position. The conventional system adopts a
technique of executing such control to emergently stop the
plurality of shafts 1n synchronization with each other.

CITATION LIST
Patent Literature

PTL 1: Unexamined Japanese Patent Publication No.
2011-257909

SUMMARY

The present invention provides a multiaxial motor control
system configured to control motors for a plurality of shafts
included 1n a multiaxial machine. The multiaxial motor
control system includes a plurality of motor control devices
and a controller. The controller has network connection with
the motor control devices, and transmits a command signal
for control of the motor control devices. Each of the motor
control devices includes a communication controller, a rota-
tion controller, and a drive unit, and 1s configured to drive a
corresponding one of the motors for the plurality of shafts.
The communication controller receives the command signal,
transmits the received command signal, and determines
whether or not the command signal 1s received normally.
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The rotation controller generates a torque command for
operation of the corresponding one of the motors. The drive
unit generates a drive voltage for electrification to drive the
corresponding one of the motors in accordance with the
torque command. When at least one of the motor control
devices 1n the multiaxial motor control system detects
failure 1n reception of the command signal, the at least one
ol the motor control devices outputs a torque command for
braking torque to stop the corresponding one of the motors.

In this configuration, at least one of the motor control
devices applies braking torque with the motor keeping being
clectrified even during communication failure that some of
the motor control devices fail to recerve a command signal
from the controller by network commumnication. The multi-
axial motor control system 1s thus configured to stop the
motor 1 a braking distance shorter than a conventional
braking distance.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram depicting a ring network
configuration as an exemplary basic configuration of a
multiaxial motor control system.

FIG. 2 1s a block diagram depicting a line network
configuration as another exemplary basic configuration of
the multiaxial motor control system.

FIG. 3 1s a block diagram depicting another exemplary
line network configuration of the multiaxial motor control
system.

FIG. 4 1s a block diagram depicting a configuration of a
ring multiaxial motor control system according to a first
exemplary embodiment of the present invention.

FIG. 5 1s a block diagram depicting a detailed exemplary
configuration of a motor control device according to the first
exemplary embodiment of the present invention.

FIG. 6A 1s a chart of exemplary operation of each unit 1n
the ring multiaxial motor control system according to the
first exemplary embodiment of the present invention, 1n a
case¢ where communication between a controller and a
first-shaft motor control device 1s interrupted.

FIG. 6B 1s a chart of exemplary operation of each unit 1n
this multiaxial motor control system, 1n a case where com-
munication between the first-shaft motor control device and
a second-shaft motor control device is interrupted.

FIG. 6C 1s a chart of exemplary operation of each unit 1n
this multiaxial motor control system, 1n a case where com-
munication between the second-shaft motor control device
and the controller 1s interrupted.

FIG. 7 1s a block diagram depicting a configuration of a
line multiaxial motor control system according to the first
exemplary embodiment of the present invention.

FIG. 8 1s a block diagram depicting a ring network
configuration of a multiaxial motor control system for three
shafts according to a second exemplary embodiment of the
present 1vention.

FIG. 9A 1s a chart of exemplary operation of each unit 1n
the multiaxial motor control system according to the second
exemplary embodiment of the present invention, 1n a case
where communication between a controller and a first-shaft
motor control device 1s interrupted.

FIG. 9B 1s a chart of exemplary operation of each unit 1n
this multiaxial motor control system, 1n a case where com-
munication between the first-shaft motor control device and
a second-shaft motor control device is interrupted.

FIG. 9C 1s a chart of exemplary operation of each unit 1n
this multiaxial motor control system, 1n a case where com-
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munication between the second-shaft motor control device
and a third-shaft motor control device 1s interrupted.

FIG. 9D 1s a chart of exemplary operation of each unit in
this multiaxial motor control system, 1n a case where com-
munication between the third-shait motor control device and
the controller 1s interrupted.

FIG. 10 1s a block diagram depicting a ring network
configuration of a multiaxial motor control system for two
shafts, having ring connection, according to a third exem-
plary embodiment of the present invention.

FIG. 11 1s a block diagram depicting a detailed exemplary
configuration of a motor control device according to the
third exemplary embodiment of the present invention.

FIG. 12A 1s a chart of exemplary operation of each umit
in the multiaxial motor control system according to the third
exemplary embodiment of the present invention, 1 a case
where communication between a controller and a first-shaft
motor control device 1s interrupted.

FIG. 12B 1s a chart of exemplary operation of each unit
in this multiaxial motor control system, in a case where
communication between the first-shaft motor control device
and a second-shait motor control device 1s interrupted.

FIG. 13 1s a block diagram depicting a ring network
configuration of a multiaxial motor control system for three
shafts according to a fourth exemplary embodiment of the
present mvention.

FIG. 14A 1s a chart of exemplary operation of each umit
in the multiaxial motor control system according to the
fourth exemplary embodiment of the present invention, 1n a
case where communication between a controller and a
first-shaft motor control device 1s interrupted.

FIG. 14B 1s a chart of exemplary operation of each umt
in this multiaxial motor control system, 1n a case where
communication between the first-shaft motor control device
and a second-shaft motor control device 1s interrupted.

FIG. 14C 1s a chart of exemplary operation of each unit
in this multiaxial motor control system, 1n a case where
communication between the second-shaft motor control
device and a third-shaft motor control device 1s interrupted.

FIG. 15 1s a block diagram depicting a ring network
configuration of a multiaxial motor control system for two
shafts according to a fifth exemplary embodiment of the
present mvention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

FIG. 1 1s a block diagram depicting a ring network
configuration as an exemplary basic configuration of a
multiaxial motor control system. FIG. 2 1s a block diagram
depicting a line network configuration as another exemplary
basic configuration of the multiaxial motor control system.
FIG. 3 1s a diagram depicting still another exemplary basic
configuration of the multiaxial motor control system having
the line network. Fach of these configurations includes a
plurality of motor control devices 20 each configured to
drive and control a corresponding motor and controller 10
configured to control motor control devices 20. Controller
10 and motor control devices 20 are communicably con-
nected via communication lines 11 to achieve transmission
and reception of data. FIG. 1 to FIG. 3 each depict an
exemplarily configuration of the system including two,
namely, first-shaft and second-shaft motor control devices
20 corresponding to respective shaits included 1 a multi-
axial mechanism.

A multiaxial motor control system according to each of
the following exemplary embodiments 1s configured as to be
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described later in accordance with the basic configuration
depicted 1n FIG. 1, FIG. 2, or FIG. 3 to cause at least one
motor control device 20 to output braking torque during
fallure or the like to emergently stop the corresponding
motor. Each of the exemplary embodiments thus achieves
stopping the motor in a braking distance shorter than a
conventional braking distance.

The above conventional emergency stop technique
accordingly requires a dedicated notification device config-
ured to notily the functioning shait of position information
and the like on the malfunctioning shaft. In contrast, the

configurations depicted 1n FIG. 1, FIG. 2, and FIG. 3 each

disconnect communication between motor control devices
20 in an exemplary case where communication line 11
between motor control devices 20 1s broken. None of these
configurations thus achieves control between the malfunc-
tioning shaft and the functioning shatt.

When communication failure to the motor control device
20 for any one of the shaits occurs, the conventional motor
control system having ring or line connection adopts a
method of stopping by immediately disconnecting electrifi-
cation to the motor for the malfunctioning shaft and the
motor for the functioning shaft.

This technique, however, requires a long braking distance
until each of the motors stops because the motor 1s seli-
propelled for a while after electrification 1s disconnected.
There 1s another technique of outputting braking torque to
cach of the motor for the malfunctioning shaft and the motor
for the functioning shaft to stop the motors. This technique
has safety problems such as that immediate stop causes
strong stress to be applied to a load to damage the device
while the braking distance can be shortened.

In view of the above, at least one motor control device 20
according to the following exemplary embodiments 1s con-
figured to output braking torque to stop the motor, to
suppress stress applied to a load and stop the motor 1n a short
braking distance.

The exemplary embodiments of the present invention will
now be described below with reference to the drawings. The
present invention should not be limited by these exemplary
embodiments.

First Exemplary Embodiment

FIG. 4 1s a block diagram depicting a configuration of ring
multiaxial motor control system 100 according to a first
exemplary embodiment of the present invention. As
depicted 1 FIG. 4, multiaxial motor control system 100
configures a biaxial motor control system 1ncluding control-
ler 10 and two motor control devices 20 communicably
connected via communication lines 11 to form a ring shape.
Multiaxial motor control system 100 includes one-to-one
umdirectional connection between units according to ring
network topology. Controller 10 transmits a command signal
for a position command, a speed command, or the like to
first-shaft and second-shait motor control devices 20, in
every command update period as a reference period for
transmission ol a command signal. Each motor control
device 20 controls operation of motor 30 1n accordance with
the received command signal. Hereinafter, the first-shaft
motor control device will be i1dentified as motor control
device 201 and the second-shaft motor control device will be
identified as motor control device 202 for appropriate speci-
fication of motor control devices 20, while each of the motor
control devices will generically be called motor control

device 20.
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FIG. 4 depicts control target mechanism 35 as a control
target of motors 30, including two shafts mechanically
linked by link 351, specifically, shait X1 controlled by
first-shait motor 30 and shait X2 controlled by second-shatit
motor 30. Control target mechamism 35 exemplifies a mul-
tiaxial machine as a multiaxial mechanism having a gantry
structure. Control target mechanism 33 has the gantry struc-
ture, so that motors 30 for shaits X1 and X2 are ordinarily
controlled through synchronized processing for the both
shafts according to same commands. The present exemplary
embodiment provides control of a position 1n an X direction
of load 36 such that shaft X1 and shaft X2 in such a
multiaxial mechanism move positionally equally 1in the X
direction at equal speed.

As depicted 1n FIG. 4, controller 10 1ncludes transmaitter
12 configured to transmit data such as a command signal,
receiver 13 configured to receive data, and communication
controller 14 configured to control communication by trans-
mitter 12 and recerver 13, provide and receive communica-
tion data, and the like. Each motor control device 20
similarly includes transmitter 12 configured to transmit data,
receiver 13 configured to receive data, and communication
controller 14 configured to control transmitter 12 and
receiver 13. Controller 10 and motor control devices 20 are
interconnected via communication lines 11 to form a ring
shape so as to achieve transier of data from transmitter 12 to
receiver 13. FIG. 4 depicts network connection between
communication controller 14 1n controller 10 and commu-
nication controller 14 in motor control device 201, for data
transier via communication line 11 specified as communi-
cation line A. Furthermore, communication controller 14 in
motor control device 201 and communication controller 14
in motor control device 202 have network connection for
data transfer via communication line 11 specified as com-
munication line B. Moreover, communication controller 14
in motor control device 202 and communication controller
14 1n controller 10 have network connection for data transfer
via communication line 11 specified as communication line
C. Such connection enables communication by unidirec-
tional ring connection of controller 10, motor control device
201, motor control device 202, and controller 10 1n the
mentioned order. As to be described 1n detail later, each
communication controller 14 1s configured to normally
provide and receive a command signal or a response signal
indicating data reception, as well as detect failure 1n com-
munication (transmission or reception). Examples of pos-
sible communication failure in such multiaxial motor control
system 100 include break of any communication line 11, and
tailure 1n data recovery even 1f any communication control-
ler 14 corrects any error 1n communication data. Motor
control device 20 then cannot recerve a command signal
from controller 10 and cannot continue normally operating
the corresponding motor. Examples of the error to be cor-
rected include a parity error, a check sum error, and a cyclic
redundancy check (CRC) error.

As depicted mm FIG. 4, each motor control device 20
turther includes rotation controller 24 and drive unit 23 to
drive and control motor 30. Each of rotation controller 24
and drive umit 25 according to the present exemplary
embodiment also has a function for emergently stopping
motor 30. In order to emergently stop motor 30, each motor
control device 20 further includes dynamic brake (herein-
alter, abbreviated as DB where appropriate) circuit 26 con-
figured to brake motor 30 as a closed circuit including a
resistor. The function for emergency stop of each of rotation
controller 24 and drive unit 25, and DB circuit 26 are
selectively adopted 1n accordance with stop command Em
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from communication controller 14 in the present exemplary
embodiment. As described above, multiaxial motor control
system 100 according to the present exemplary embodiment
includes motor control devices 20 each configured to 1ndi-
vidually drive and stop motor 30.

FIG. 5 1s a block diagram depicting a detailed exemplary
configuration of motor control device 20 thus configured
according to the first exemplary embodiment of the present
invention. The detailed configuration of motor control
device 20 will be described next with reterence to FIG. S.

FIG. 5 exemplifies a case where motor 30 1s a brushless
motor that 1s driven 1n three phases of U, V, and W phases.
Specifically, motor 30 includes a stator provided with coils
31 corresponding to the respective phases and a rotor
retaining a permanent magnet. Coils 31 of the stator are
clectrified when receiving drive voltages Vd diflerentiated 1n
phase from each other by 120 degrees. In this case, electric
current tflows through coils 31 to rotate the rotor. The
corresponding shait connected to the rotor 1s positionally
controlled 1n accordance with rotation of the rotor.

In order to drive and control such rotation of motor 30,
cach motor control device 20 includes rotation controller 24
configured to control a position, speed, and torque of motor
30, and drive unit 25 configured to electrity to drive coils 31
of motor 30. Rotation controller 24 includes position con-
troller 41 configured to control a position, speed controller
43 configured to control speed, torque processor 46 config-
ured to execute torque-related processing, and the like.
Drive unit 25 includes drive output generator 51 configured
to generate a drive voltage corresponding to a torque amount
received from rotation controller 24. In order to activate
emergency stop adaptively 1n accordance with a situation of
communication failure, each motor control device 20
according to the present exemplary embodiment includes
DB circuit 26, rotation controller 24 including torque
amount storage 44, and drive unit 23 including drive voltage
switch 33.

Controller 10 notifies each motor control device 20 thus
configured of command information by means of a com-
mand signal. Examples of major command information
included in the command signal include position command
Prc to position controller 41, speed command Src to speed
controller 43, a torque command to torque processor 46, and
stop command Em relevant to emergency stop, such as
activation or deactivation of DB circuit 26. FIG. 5 typically
depicts a configuration 1n which communication controller
14 transmuits position command Prc to position controller 41,
transmits speed command Src to speed controller 43, and
transmits stop command Em to each of rotation controller
24, drive unit 25, and DB circuit 26, in accordance with the
received command signal. As depicted in FIG. 5, position
detector 32 disposed at motor 30 notifies position controller
41 of detected position information Pd indicating a position
of the rotor 1n motor 30.

When motor control device 20 operates normally with no
communication failure or the like, rotation controller 24
controls rotation such that a rotational position of the rotor
in motor 30 follows position command Pre from controller
10 or the like through feedback control with reference to
detected position information Pd from position detector 32.

In order to execute such feedback control, position con-
troller 41 1n rotation controller 24 initially calculates a
positional deviation as difference between position com-
mand Prc and detected position information Pd from posi-
tion detector 32. Position controller 41 then obtains speed
command Sr by arithmetic operation such as multiplication
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of the positional deviation by a position gain, and notifies
speed controller 43 of obtained speed command Sr.

Speed controller 43 subsequently obtains rotational speed
of motor 30 by arithmetic operation such as diflerentiation
of detected position information Pd thus received. Speed
controller 43 further calculates a speed deviation as difler-
ence between the calculated rotational speed and speed
command Sr. Speed controller 43 then executes arithmetic
operation such as proportion and integration of the speed
deviation to obtain torque command Tr corresponding to a
driving torque amount of operating motor 30. Speed con-
troller 43 notifies torque processor 46 of torque command Tr
thus obtained.

Torque processor 46 then transmits, to drive unit 23,
torque command Tr corresponding to the driving torque
amount as voltage command signal Dr, in a case where
communication failure or the like does not occur.

Drive unit 25 generates drive voltage Vd 1n accordance
with voltage command signal Dr provided from rotation
controller 24. Specifically, drive output generator 51
includes an inverter having a pulse width modulation
(PWM) circuit and a switching element. Drive output gen-
erator 51 generates a pulse signal that 1s pulse width modu-
lated by the PWM circuit 1n accordance with voltage com-
mand signal Dr, and generates drive voltage Vd through
ON/OFF control of the switching element 1in the inverter 1n
accordance with the pulse signal. During normal operation,
drive unit 25 applies, to coils 31 for the respective phases via
drive voltage switch 53 1n an ON state, drive voltage Vd thus
generated to drive motor 30.

DB circuit 26 includes DB switches 61 and DB resistors
63. DB switches 61 in DB circuit 26 are each configured to
switch between connection and disconnection of corre-
sponding DB resistor 63 with respect to drive voltage Vd
thus output from drive unit 23.

Multiaxial motor control system 100 thus configured may
have break or the like of at least one of communication lines
11, namely, communication line A, communication line B,
or communication line C, or failure in communication
function or the like of any motor control device 20. Fur-
thermore, there may occur communication failure such as
that any motor control device 20 cannot receive a command
signal from controller 10 or cannot transmit a response
signal to controller 10. In the present exemplary embodi-
ment, motor control device 20 selectively adopts the func-
tion for emergency stop of each of rotation controller 24 and
drive unmit 25 or DB circuit 26 to stop driving the corre-
sponding motor when such commumcation {failure 1s
detected.

Such stop of driving the motor will be described 1n detail
next. The present exemplary embodiment provides the fol-
lowing three functions for stop of driving the motor.

These functions include a first function (hereinaftter,
called an immediate stop function) of immediately stopping
motor 30 by causing rotation controller 24 to generate
braking torque. In order to enable this immediate stop
function, speed controller 43 1s configured to operate 1n
accordance with a zero speed command as a speed command
for speed of zero. Rotation controller 24 includes torque
amount storage 44 configured to store a preset braking
torque amount and the like. As depicted 1n FIG. 5, motor
control device 20 1s configured to cause communication
controller 14 to notily speed controller 43 and torque
processor 46 of stop command Em1. This immediate stop
function 1s activated or deactivated in accordance with stop
command Eml.
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During normal operation, stop command Em1 indicates
deactivation of immediate stop, and speed controller 43
calculates torque command Tr following speed command Sr
from position controller 41 or speed command Src from
communication controller 14, and outputs calculated torque
command Tr. The immediate stop 1s deactivated in this case.
Torque processor 46 accordingly selects torque command Tr
from speed controller 43 and transmits voltage command
signal Dr corresponding to torque command Tr to drive unit

25. Normal operation thus continues.

In contrast, when stop command Em1 indicates activation
of the immediate stop, speed controller 43 nitially switches
from operation according to speed command Sr or speed
command Src to operation according to the zero speed
command. Motor 30 1n operation at certain speed 1s then
controlled to have zero speed, and speed controller 43
generates torque command Ir corresponding to braking
torque for stopping rotation of motor 30. The immediate stop
1s activated 1n this case. Torque processor 46 accordingly
reads out of torque amount storage 44 braking torque
command Tb indicating a predetermined braking torque
amount, and transmits voltage command signal Dr corre-
sponding to braking torque command Tb to drive unit 25.
Drive unit 25 accordingly applies, to each coil 31, drive
voltage Vd for braking rotation of motor 30, and rotation of
motor 30 1s stopped.

The functions for stop of driving the motor also includes
a second function (hereinafter, called a non-drive stop
function) of naturally stopping motor 30 by stopping supply
of drive voltage Vd from drive unit 235 to motor 30. In order
to enable this non-drive stop function, drive unit 25 includes
drive voltage switch 53 configured to switch between con-
nection and disconnection of the drive voltage output from
drive output generator 31 to and from coils 31 in motor 30.
Drive voltage switch 53 1s switched ON or OFF 1n accor-
dance with second stop command Em2 from communication
controller 14 as depicted 1n FIG. 5.

During normal operation, stop command Em2 indicates
deactivation of non-drive stop, drive voltage switch 53 1is
ON, and drive output generator 51 1s connected to coils 31
to enable transmission. Drive unit 25 accordingly supplies
coils 31 with a voltage output from drive output generator 51
as drive voltage Vd. In contrast when stop command Em2
indicates activation of the non-drive stop, drive voltage
switch 53 1s switched OFF and drive unit 25 1s disconnected
from coils 31 to disable transmission. In this disconnected
state, drive umt 25 does not apply drnive voltage Vd to coils
31 and coils 31 are not electrified, so that motor 30 naturally
stops without being driven. In place of drive voltage switch
53, the switching element in the inverter included 1n drive
output generator 31 can be configured to switch between
connection and disconnection of drive voltage Vd.

The functions for stop of driving the motor also includes
a third function (heremnafter, called a DB stop function) of
stopping motor 30 by activating dynamic braking of DB
circuit 26. In order to enable this DB stop function, DB
circuit 26 described above 1s provided. When the DB stop
function 1s activated, the non-drive stop function described
above 1s also activated.

As depicted 1n FI1G. 5, DB circuit 26 includes DB switches
61 and DB resistors 63 corresponding to the respective
phases. DB switches 61 each have a first end connected to
an 1nput port for drive voltage Vd of corresponding coil 31,
and a second end connected to a first end of corresponding
DB resistor 63, and DB resistors 63 have second ends
connected to each other. Each DB switch 61 1s switched ON
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or OFF 1n accordance with third stop command Em3 from
communication controller 14.

During normal operation, stop command Em3 indicates
deactivation of DB stop, DB switches 61 are OFF, and DB
resistors 63 are not connected to coils 31. In contrast when
stop command Em3 indicates activation of the DB stop, DB
switches 61 are switched ON, and DB resistors 63 are
connected to coils 31. This causes a plurality of output
terminals of motor control device 20 to motor 30, specifi-
cally, drive voltage supply terminals of coils 31, to be
short-circuited via DB resistors 63. DB resistors 63 accord-
ingly receive counter electromotive force generated from
coils 31 while motor 30 1s rotating, and convert energy of the
counter electromotive force to thermal energy to be con-
sumed. The DB stop function enables, through the operation
described above, generation of torque for braking rotation of
motor 30, to stop motor 30.

As described above, rotation controller 24 generates
torque command Tr 1n accordance with a command signal,
and drive unit 25 outputs drive voltage Vd corresponding to
torque command Tr to drive motor 30. Rotation controller 24
turther outputs braking torque command Tb having an
amount preset 1n motor control device 20, to execute the
immediate stop of motor 30 or the non-drive stop by
disconnecting electrification to motor 30 as describe above.
Upon such non-drive stop, DB circuit 26 can be activated or
deactivated to achieve braking (DB stop) through dynamic
braking.

The above description assumes communication failure.
The immediate stop can obviously be executed as a type of
operation during normal operation of motor 30 also during
normal communication. In order to execute the immediate
stop during normal communication, controller 10 can trans-
mit, to speed controller 43 1n each motor control device 20,
a zero speed command to cause motor 30 to have zero speed.
Speed controller 43 accordingly generates, as torque com-
mand Tr, a braking torque output command indicating a
braking torque mount necessary for the immediate stop. The
zero speed command and the braking torque output com-
mand for the immediate stop intimately relate to each other.
Specifically, torque processor 46 1s connected to speed
controller 43 and comprehensively controls an amount of
output braking torque with reference also to speed control
information.

During communication failure, communication controller
14 controls the units 1n motor control device 20 detecting the
communication failure, not in accordance with a command
from controller 10. When communication failure occurs,
communication controller 14 outputs stop command Em
according to a situation of the failure. In an exemplary case
where communication controller 14 outputs first stop com-
mand Em1, rotation controller 24 executes processing simi-
larly to a case where the zero speed command 1s received
normally from controller 10. As described above, rotation
controller 24 reads out of torque amount storage 44 braking
torque command Tb corresponding to the preset braking
torque amount necessary for execution of the immediate
stop function, and transmits, to drive unit 25, braking torque
command Tb as voltage command signal Dr. Drive unit 235
turther transmits, to coils 31, drive voltage Vd correspond-
ing to voltage command signal Dr. In a case where motor
control device 20 executes the immediate stop function and
DB circuit 26 1s deactivated, braking torque for braking
motor 30 obviously corresponds to braking torque command
Tb output from torque processor 46.

Multiaxial motor control system 100 thus configured wall
be described next in terms of operation and etlects.

10

15

20

25

30

35

40

45

50

55

60

65

10

FIG. 6 A, FIG. 6B, and FIG. 6C (hereinafter, mentioned as
FIG. 6A to FIG. 6C where appropriate) each indicate
chronological operation of controller 10 and motor control
devices 20 1n a case where multiaxial motor control system
100 for two shafts depicted in FIG. 4 has communication
failure as described above. FIG. 6A indicates exemplary
operation of each unit 1n a case where communication
between controller 10 and first-shait motor control device
201 1s interrupted. FIG. 6B indicates exemplary operation of
cach unit 1n a case where communication between first-shaft
motor control device 201 and second-shaft motor control
device 202 1s interrupted. FIG. 6C indicates exemplary
operation of each unit in a case where communication
between second-shaft motor control device 202 and control-
ler 10 1s mterrupted. For better comprehension of operation
according to the present exemplary embodiment, FIG. 6 A to
FIG. 6C each indicate mainly operation of controller 10 and
motor control devices 20 relevant to emergency stop of
motors 30 upon detection of communication failure.

Initially described 1s relation between command update
period TC of controller 10 and motor control/communica-
tion period TN of motor control devices 20 (hereinafter,
command update period TC and motor control/communica-
tion period TN will be abbreviated as period TC and period
TN, respectively, where appropriate). As described above,
pertod TC 1s a reference period for transmission ol a
command signal. One period TC includes at least one period
TN as a reference period for execution of motor control and
communication 1n each motor control device 20. As 1ndi-
cated 1n FIG. 6 A to FIG. 6C, the present exemplary embodi-
ment assumes that one period TC includes a plurality of
pertods TN. Period TC and period TN are preset before
multiaxial motor control system 100 operates. Occurrence of
communication failure and detection of the failure in con-
troller 10 and motor control devices 20 can be included in
identical period TC or periods TC different from each other,
depending on relation between set values of these two
periods. Operation from i1ssue of a command signal by
controller 10 at certain timing until drive and stop of motors
30 by motor control devices 20 for the plurality of shatts 1s
executed 1n an 1dentical period for motor control devices 20.
Operation from occurrence of communication failure at
certain timing until detection of the communication failure
by communication controllers 14 in motor control devices
20 15 also executed 1n an 1dentical period for motor control
devices 20. The 1dentical period for motor control devices 20
1s preferred to be identical motor control/communication
period TN 1n the present exemplary embodiment.

Exemplarily described below 1s detailed operation during
periods TC=T12 to T4 subsequent to command update period
TC=T1 during which communication failure occurs, after
detection of the failure by controller 10 and motor control
devices 20. As indicated in FIG. 6A to FIG. 6C, command
update periods TC are specified as periods T1, T2, T3, and
T4 1n this order, and periods TC each include a predeter-
mined number of periods TN. When an equal sign “==" 1s
used as 1 period TC=T1, command update period TC
corresponds to period T1.

Arrows 1n FIG. 6A to FIG. 6C indicate a tlow of operation
(processing) by controller 10 and motor control devices 20.
Arrows of solid lines indicate a flow of processing directly
relevant to operation for emergency stop of motors 30.
Arrows of broken lines indicate a tlow of processing not
directly relevant to the operation for emergency stop of
motors 30. In an exemplary case where communication
speed between the devices and processing speed of the
devices are sufliciently high, processing relevant to the
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operation for emergency stop executed during periods
TC=T12 to T4 can optionally be entirely executed by the end
of any one of periods TC=12 to T4. The following practical
examples assume that one or two processing 1s executed
during each period TC, for better comprehension of the
processing flow of controller 10 and motor control devices
20.

Each exemplary operation to be described below relates to
operation upon detection of communication failure. The
tollowing description will thus not include normal operation
executed belfore period TC=T1.

(Exemplary Operation 1A)

Operation of each unit 1n a case where communication
between controller 10 and first-shaft motor control device
201 1s interrupted will be described 1itially as exemplary
operation 1A. Hereinafter, first-shait motor control device
201 and second-shait motor control device 202 will be
abbreviated as device 201 and device 202, respectively,
where appropnate.

As FIG. 6A 1ndicates ““failure occurs”, communication
between controller 10 and device 201 1s interrupted during,
command update period TC=T1, due to break or the like of
communication line A, or failure in communication function
or the like of device 201 itself.

In response to such a fact that “failure occurs”, commu-
nication controller 14 in each of device 201 and device 202
detects communication failure subsequently during period
TN=N (N 1s a natural number, the same applies hereinatter)
in period TC=T12.

Because the communication failure 1s detected 1n each of
device 201 and device 202, device 201 and device 202 each
switch from operation according to a command received
from controller 10 to operation according to individual
control for the own device, subsequently during period
TN=N+1 1n period TC=12. Device 201 executes the imme-
diate stop as indicated in FIG. 6A, in accordance with
braking torque command Tb having braking torque value A
preset 1n torque amount storage 44 1n rotation controller 24.
Specifically, in device 201, communication controller 14
outputs stop command Eml indicating activation of the
immediate stop, and rotation controller 24 executes the
immediate stop function. Stop commands Em2 and Em3
indicate deactivation 1n this case.

Meanwhile, as indicated in FIG. 6 A, device 202 executes
the non-drive stop during period TN=N+1 1n period TC=T2.
Specifically, in device 202, communication controller 14
outputs stop command Fm2 indicating activation of the
non-drive stop, and drive unit 235 executes the non-drive stop
function. For execution of the non-drive stop, 1t 1s more
preferred that communication controller 14 outputs stop
command Fm3 indicating activation of the DB stop, to
activate DB circuit 26 and apply the DB stop through
dynamic braking.

Braking torque value A for the immediate stop 1n exem-
plary operation 1A 1s preferably equal in amount to allow-
able maximum torque of multiaxial motor control system
100. The maximum torque value 1s set to minimize a stop
distance of each of a plurality of drive shaifts. Although
torque less than the maximum torque leads to a longer stop
distance, the torque amount can be determined in consider-
ation of a stop position error between the plurality of shafts,
heat generation by the DB circuits, and the like, to be
necessary and suflicient.

Exemplary operation 1A does not adopt the conventional
technique of immediately disconnecting electrification to
every motor 30 for the non-drive stop when communication
failure occurs between controller 10 and device 201, but
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includes application of braking torque by the immediate stop
function while at least one motor 30 keeps being electrified.
Execution of failure handling operation according to exem-
plary operation 1A enables motors 30 for the plurality of
shafts to stop quickly and safely.

Subsequently during period TC=T3, controller 10 detects
communication failure and 1ssues an immediate stop com-
mand for every motor 30. However, commumnication
between controller 10 and device 201 has failure. A com-
mand signal from controller 10 obviously fails to reach each
of device 201 and device 202 to be disregarded. Even 1f
communication 1s recovered to a normal condition during
period TC=T3, device 201 and device 202 are already
stopped and the immediate stop command 1s thus disre-
garded 1n exemplary operation 1A.

As described above, device 201 and device 202 each
detect failure 1n exemplary operation 1A. In order to execute
exemplary operation 1A, multiaxial motor control system
100 according to the present exemplary embodiment 1s
configured such that device 202 having detected failure
disconnects electrification to motor 30, and device 201 not
disconnecting electrification outputs drive voltage Vd
according to braking torque command Tb preset 1n rotation
controller 24, so as to stop motors 30.

Multiaxial motor control system 100 1s configured as
described above and thus executes a procedure obtained by
combining the immediate stop function and the non-drive
stop function during failure. Accordingly, the shait to which
the 1mmediate stop 1s applied stops quickly whereas the
shaft to which the non-drive stop 1s applied gradually stops
naturally. Particularly 1n a case where the gantry structure
like control target mechamism 35 depicted 1mn FIG. 4 15 a
control target, shaft X1 stops immediately whereas shaft X2
moves slowly to stop, for example. The entire control target
comes to stop through such movement, so that stress applied
to load 36 can be decreased 1n comparison to operation of
immediately stopping both shait X1 and shaft X2. Further-
more, one of the shafts stops immediately and can thus needs
a shorter stop distance and shorter stop time 1n comparison
to operation of naturally stopping all the shafts.

The present exemplary embodiment exemplifies the case
where there are provided the two motor control devices. In
a case where there are provided motor control devices for a
plurality of shafits, the following configuration will be appli-
cable. Specifically, when at least one motor control device
detects failure 1n reception of a command signal, the at least
one motor control device having detected the failure dis-
connects electrification to the motor. At least one of the
motor control devices not disconnecting electrification to the
motor outputs a torque command for braking torque preset
in the rotation controller to stop the motor. Such a configu-
ration achieves similar eflects.

(Exemplary Operation 1B)

Operation of each unit 1n a case where communication
between device 201 and device 202 1s mterrupted will be
described next as exemplary operation 1B.

As FIG. 6B indicates ““failure occurs”, communication
between device 201 and device 202 i1s interrupted during
command update period TC=T1, due to break or the like of
communication line B, or failure in communication function
or the like of device 202 itsell.

Subsequently during pertod TN=N 1n period TC=T2,
communication controller 14 in device 201 normally
receives a command from controller 10, and device 201
executes ordinary operation. Meanwhile, communication
controller 14 1n device 202 detects communication failure 1n
response to the fact that “failure occurs™.
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Because the communication failure 1s detected 1n device
202, device 202 switches from operation according to a
command received from controller 10 to operation accord-
ing to individual control for the own device to execute the
non-drive stop, subsequently during period TN=N+1 in
period TC=T12. Specifically, in device 202, communication
controller 14 outputs stop command Em2 indicating activa-
tion of the non-drive stop, and drive unit 25 executes the
non-drive stop function. For execution of the non-drive stop,
it 1s more preferred to activate DB circuit 26 and apply the
DB stop through dynamic braking as described 1n exemplary
operation 1A.

Subsequently during period TC=T3, controller 10 detects
communication failure and 1ssues an immediate stop com-
mand for every motor 30. In this case, device 201 continues
the ordinary operation whereas device 202 1s kept in a
non-drive stop state.

Subsequently during period TC=14, a command signal
1ssued from controller 10 for the immediate stop command
to every motor 30 1s received by device 201, and device 201
executes the immediate stop at braking torque value A. In
this case, communication controller 14 1n device 201 trans-
mits stop command Em1 to rotation controller 24 or the like
in accordance with the immediate stop command from
controller 10. Torque processor 46 1n device 201 then reads
braking torque command Tb having braking torque value A
from torque amount storage 44. The immediate stop function
1s executed 1n device 201 1n this manner. In contrast, the
command signal from controller 10 1s obviously not
received by device 202 to be disregarded, and device 202 1s
kept 1n the non-drive stop state.

Braking torque value A for the immediate stop in exem-
plary operation 1B 1s preferably equal 1n amount to allow-
able maximum torque ol multiaxial motor control system
100. The maximum torque 1s set to mimmize the stop
distance of each of the drive shafts. Although torque less
than the maximum torque leads to a longer stop distance, the
torque amount can be determined 1n consideration of a stop
position error between the plurality of shaits, heat genera-

tion by the DB circuits, and the like, to be necessary and
suflicient.

Exemplary operation 1B does not adopt the conventional
technique of immediately disconnecting electrification to
every motor 30 for the non-drive stop when communication
failure occurs between device 201 and device 202, but
includes application of braking torque by the immediate stop
function while at least one motor 30 keeps being electrified.
Execution of failure handling operation according to exem-
plary operation 1B enables motors 30 for the plurality of
shafts to stop quickly and safely.

As described above with reference to exemplary operation
1B, multiaxial motor control system 100 according to the
present exemplary embodiment 1s configured such that
device 202 having detected failure disconnects electrifica-
tion to motor 30, and device 201 not disconnecting electri-
fication outputs drive voltage Vd corresponding to braking
torque command Tb according to a command signal
received normally from controller 10, so as to stop motors
30.

Multiaxial motor control system 100 1s also configured as
described above and thus executes the procedure obtained
by combining the immediate stop function and the non-drive
stop function during failure, as 1 exemplary operation 1A.
Stress applied to load 36 can thus be decreased in compari-
son to operation of immediately stopping both shait X1 and
shaft X2 i FIG. 4. Furthermore, one of the shaits stops
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immediately and can thus needs a shorter stop distance and
shorter stop time 1n comparison to operation of naturally
stopping all the shafts.

The present exemplary embodiment exemplifies the case
where there are provided the two motor control devices. In
a case where there are provided motor control devices for a
plurality of shafits, the following configuration will be appli-
cable. Specifically, when at least one motor control device
detects failure 1n reception of a command signal, the at least
one motor control device having detected the failure dis-
connects electrification to the motor. When at least one of the
motor control devices not cancelling electrification to the
motor outputs a torque command for braking torque accord-
ing to a command signal recerved normally from the con-
troller to stop the motor. Such a configuration achieves
similar eflects.

(Exemplary Operation 1C)

Operation of each unit 1n a case where communication
between device 202 and controller 10 1s interrupted will be
described next as exemplary operation 1C. Exemplary
operation 1C relates only to multiaxial motor control system
100 having ring connection.

As FIG. 6C indicates ““failure occurs”, communication
between device 202 and controller 10 1s interrupted during
command update period TC=T1, due to break or the like of
communication line C, or failure 1n communication function
or the like of controller 10 1tself.

Subsequently during pertiod TN=N in period TC=T2,
controller 10 detects communication failure and issues an
immediate stop command for every motor 30. Device 201
and device 202 each continue the ordinary operation.

Subsequently during period TC=13, device 201 and
device 202 cach execute the immediate stop at braking
torque value B 1n accordance with the command recerved
from controller 10. Braking torque value B for the imme-
diate stop 1n exemplary operation 1C preferably has an
amount obtained through dividing allowable maximum
torque of multiaxial motor control system 100 by a number
of shafts to be immediately stopped. The two shafts are
immediately stopped 1n the present exemplary operation, so
that braking torque value B preferably has an amount
obtained through dividing the maximum torque by two as
the number of the shafts. In other words, braking torque
value B corresponds to a half of braking torque A mentioned
above. Furthermore, two amounts of torque are more pre-
ferred to match each other to be an identical amount, so as
to mimmize the stop distances of the plurality of drive
shafts. In consideration of satety and the like, braking torque
can be set for each of the motor control devices such that a
sum of the braking torque output from all the motor control
devices 1s equal to or less than allowable maximum braking
torque of the present multiaxial motor control system.

Exemplary operation 1C also does not adopt the conven-
tional technique of immediately disconnecting electrifica-
tion to every motor 30 for the non-drive stop when com-
munication failure occurs between device 202 and controller
10, but includes application of braking torque such that the
maximum braking torque 1s dispersed to the respective
shafts while every motor 30 keeps being electrified. Execu-
tion of failure handling operation according to exemplary
operation 1C enables motors 30 for the plurality of shaftts to
stop quickly and safely.

As described above with reference to exemplary operation
1C, multiaxial motor control system 100 according to the
present exemplary embodiment 1s configured such that,
when controller 10 detects failure 1n reception of a response
signal from device 202 to a command signal, all of device
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201 and device 202 each output braking torque according to
the command signal from controller 10 to stop motor 30.

The above description relates to ring multiaxial motor
control system 100 configured as depicted in FIG. 4, but 1s
applicable also to a line multiaxial motor control system.

FI1G. 7 1s a block diagram depicting a configuration of line
multiaxial motor control system 110 as another exemplary
configuration of the multiaxial motor control system accord-
ing to the first exemplary embodiment of the present inven-
tion. Line multiaxial motor control system 110 depicted in
FIG. 7 1s different from the motor control system depicted 1n
FIG. 4 1n that there 1s provided no communication line C
connecting between controller 10 and second-shait motor
control device 202, and controller 10 and motor control
devices 20 are connected to each other by means of bidi-
rectional line connection via transmitting-receiving devices
17. The configuration to stop motors 30 during failure as
described with reference to each of exemplary operation 1A
to exemplary operation 1C 1s also applicable to this line
connection system.

The above description exemplifies control of control
target mechanism 35 having the gantry structure as in FIG.
4 or FIG. 7. The control target mechanism has only to
include a plurality of drnive shafts controlled by single
controller 10. Specifically, the control target mechanism can
include a plurality of mechanically linked drive shafts as
typically exemplified 1n the gantry structure, or can alterna-
tively include a plurality of drive shafts not mechanically
linked but controlled by single controller 10. The above
description exemplifies the case of synchronously control-
ling the plurality of mechanically linked drive shafts. The
plurality of drive shaits not mechanically linked can be
controlled 1n a similar manner. Still alternatively, controller
10 controls motor control devices for a plurality of shaits to
be synchronously controlled, assuming that the shaits
include one master shaift and remaining slave shafts. In this
case, motor control devices 20 each include a storage device
(e.g., a volatile or nonvolatile memory or a register) storing
a preset parameter indicating whether motor control device
20 corresponds to the master shaft or one of the slave shafts.

Second Exemplary Embodiment

FIG. 8 1s a block diagram depicting a ring network
configuration of multiaxial motor control system 200 for
three shaits according to a second exemplary embodiment of
the present invention. As depicted mm FIG. 8, multiaxial
motor control system 200 configures a triaxial motor control
system 1ncluding controller 10 and three motor control
devices 20 connected to form a ring shape. Specifically, 1n
the present exemplary embodiment, additional motor control
device 20 1s connected 1n series between two motor control
devices 20 depicted in FIG. 1. Controller 10 and motor
control devices 20 are each configured as in internal con-
figurations depicted 1n FIG. 4 and FIG. 5. A portion identical
or corresponding to a portion according to the first exem-
plary embodiment will be denoted by an 1dentical reference
mark and will not be described partially.

In the triaxial configuration according to the present
exemplary embodiment as depicted 1n FIG. 8, second-shatit
motor control device 202 and third-shait motor control
device 203 have network connection via communication line
11 specified as communication line D, and third-shait motor
control device 203 and controller 10 have network connec-
tion via communication line 11 specified as communication
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Multiaxial motor control system 200 thus configured will
be described next 1in terms of operation and eflects.

FIG. 9A, FIG. 9B, FIG. 9C, and FIG. 9D (hereinatter,

mentioned as FIG. 9A to FIG. 9D where approprnate) each
indicate chronological operation of controller 10 and motor
control devices 20 1n a case where multiaxial motor control

system 200 for three shafts depicted in FIG. 8 has commu-
nication failure as described 1n the first exemplary embodi-
ment. FIG. 9A indicates exemplary operation of each unit in
a case where communication between controller 10 and
first-shaft motor control device 201 1s mterrupted. FIG. 9B
indicates exemplary operation of each unit 1n a case where
communication between first-shait motor control device 201
and second-shait motor control device 202 is interrupted.
FIG. 9C indicates exemplary operation of each unit 1n a case
where communication between second-shaft motor control
device 202 and third-shait motor control device 203 1is
interrupted. FIG. 9D indicates exemplary operation of each
unit 1n a case where communication between third-shaft
motor control device 203 and controller 10 1s interrupted.
For better comprehension of operation according to the
present exemplary embodiment, FIG. 9A to FIG. 9D each
indicate mainly operation of controller 10 and motor control
devices 20 relevant to the emergency stop of motors 30 upon
detection of communication failure. As 1n the first exem-
plary embodiment, heremafter, the motor control devices
will be specified appropriately by being 1dentified as device
201, device 202, and device 203, while each of the motor
control devices will generically be called motor control
device 20.

(Exemplary Operation 2A)

Operation of each unit 1n a case where communication
between controller 10 and first-shait motor control device
201 1s interrupted 1n the configuration depicted in FIG. 8 will
be described mitially as exemplary operation 2A.

As FIG. 9A indicates “failure occurs”, communication
between controller 10 and device 201 1s interrupted during

pertod TC=T1, due to break or the like of communication
line A, or failure in communication function or the like of
device 201 1tself.

In response to such a fact that “failure occurs”, commu-
nication controller 14 in each of device 201, device 202, and
device 203 subsequently detects communication failure dur-
ing period TN=N 1n period TC=T12.

Because the communication failure 1s detected in each
motor control device 20, each motor control device 20
switches from operation according to a command received
from controller 10 to operation according to individual
control for the own device, subsequently during period
TN=N+1 1n period TC=T2. Device 201 executes immediate
stop as indicated 1n FIG. 9A, i accordance with braking
torque command Tb having braking torque value A' preset in
torque amount storage 44 in rotation controller 24. Specifi-
cally, in device 201, communication controller 14 outputs
stop command Em1 indicating activation of the immediate
stop, and rotation controller 24 executes the immediate stop
function. Stop commands Em2 and Em3 indicate deactiva-
tion 1n this case.

Meanwhile, as indicated 1n FIG. 9A, device 202 and
device 203 each execute non-drive stop during period
TN=N+1 1 period TC=12. Specifically, in each of device
202 and device 203, communication controller 14 outputs
stop command Em2 indicating activation of the non-drnive
stop, and drive unit 25 executes the non-drive stop function.
For execution of the non-drive stop, it 1s more preferred that
communication controller 14 outputs stop command Em3
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indicating activation of DB stop, to activate DB circuit 26
and apply the DB stop through dynamic braking.

Braking torque value A' for the immediate stop 1n exem-
plary operation 2A 1s preferably equal in amount to allow-
able maximum torque ol multiaxial motor control system
200. The maximum torque value 1s set to minimize a stop
distance of each of a plurality of drive shaits. Although
torque less than the maximum torque leads to a longer stop
distance, the torque amount can be determined in consider-
ation of a stop position error between the plurality of shafts,
heat generation by the DB circuits, and the like, to be
necessary and suflicient.

Exemplary operation 2A does not adopt the conventional
technique of immediately disconnecting electrification to
every motor 30 for the non-drive stop when communication
failure occurs between controller 10 and device 201, but
includes application of braking torque by the immediate stop
function while at least one motor 30 keeps being electrified.
Execution of failure handling operation according to exem-
plary operation 2A enables motors 30 for the plurality of
shafts to stop quickly and safely.

Subsequently during period TC=T3, controller 10 detects
communication failure and 1ssues an immediate stop com-
mand for every motor 30. However, communication
between controller 10 and device 201 has failure. A com-
mand signal from controller 10 obviously fails to reach each
of devices 201, 202, and 203 to be disregarded. Even 1f
communication 1s recovered to a normal condition during
period TC=T3, devices 201, 202, and 203 arec already
stopped and the immediate stop command 1s thus disre-
garded 1in exemplary operation 2A.

As described above with reference to exemplary operation
2A, multiaxial motor control system 200 according to the
present exemplary embodiment 1s configured such that each
of device 202 and device 203 having detected failure dis-
connects electrification to motor 30, and device 201 not
disconnecting electrification outputs drive voltage Vd
according to braking torque command Tb preset 1n rotation
controller 24, so as to stop motors 30.

In multiaxial motor control system 200 thus configured,
as 1 exemplary operation 1A, stress applied to load 36 can
be decreased in comparison to operation of immediately
stopping both shatt X1 and shait X2 1n FIG. 4. Furthermore,
at least one of the shafts stops immediately and can thus
needs a shorter stop distance and shorter stop time in
comparison to operation of naturally stopping all the shafts.

The present exemplary embodiment exemplifies the case
where there are provided the three motor control devices. In
a case where there are provided motor control devices for a
plurality of shafits, the following configuration will be appli-
cable. Specifically, when at least one motor control device
detects failure 1n reception of a command signal, the at least
one motor control device having detected the failure dis-
connects electrification to the motor. At least one of the
motor control devices not disconnecting electrification to the
motor outputs a torque command for braking torque preset
in the rotation controller to stop the motor. Such a configu-
ration achieves similar etlects.

(Exemplary Operation 2B)

Operation of each unit 1n a case where communication
between device 201 and device 202 1s mterrupted will be
described next as exemplary operation 2B.

As FIG. 9B indicates ‘“failure occurs”, communication
between device 201 and device 202 1s iterrupted during
pertod TC=T1, due to break or the like of communication
line B, or failure in communication function or the like of

device 202 itself.
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Subsequently during period TN=N in period TC=T2,
communication controller 14 in device 201 normally
receives a command from controller 10, and device 201
executes ordinary operation. Meanwhile, communication
controller 14 1n each of device 202 and device 203 detects
communication failure in response to the fact that “failure
occurs’.

Because the communication failure 1s detected in each of

device 202 and device 203, device 202 and device 203 each

switch from operation according to a command received
from controller 10 to operation according to individual
control for the own device to execute the non-drive stop,
subsequently during period TN=N+1 1n period TC=12.
Specifically, 1n each of device 202 and device 203, commu-
nication controller 14 outputs stop command Em2 indicating
activation of the non-drive stop, and drive unit 25 executes
the non-drive stop function. For execution of the non-drive
stop, similarly to the above, it 1s more preferred to activate
DB circuit 26 and apply the DB stop through dynamic
braking.

Subsequently during period TC=T3, controller 10 detects
communication failure and 1ssues an immediate stop com-
mand for every motor 30. In this case, device 201 continues
the ordinary operation whereas device 202 and device 203
are kept in the non-drive stop state.

Subsequently during period TC=T4, a command signal
1ssued from controller 10 for the immediate stop command
to every motor 30 1s received by device 201, and device 201
executes immediate stop at braking torque value A. In this
case, communication controller 14 1n device 201 transmits
stop command Em1 to rotation controller 24 or the like 1n
accordance with the immediate stop command from con-
troller 10. Torque processor 46 in device 201 then reads
braking torque command Tb having braking torque value A’
from torque amount storage 44. The immediate stop function
1s executed 1n device 201 in this manner. In contrast, the
command signal from controller 10 1s obviously not
received by device 202 and device 203 to be disregarded,
and device 202 and device 203 are kept in the non-drive stop
state.

Braking torque value A for the immediate stop 1n exem-
plary operation 2B 1s preferably equal in amount to allow-
able maximum torque ol multiaxial motor control system
200. The maximum torque 1s set to minimize the stop
distance of each of the drive shafts. Although torque less
than the maximum torque leads to a longer stop distance, the
torque amount can be determined 1n consideration of a stop
position error between the plurality of shafts, heat genera-
tion by the DB circuits, and the like, to be necessary and
suilicient.

Exemplary operation 2B does not adopt the conventional
technique of immediately disconnecting electrification to
every motor 30 for the non-drive stop when communication
failure occurs between device 201 and device 202, but
includes application of braking torque by the immediate stop
function while at least one motor 30 keeps being electrified.
Execution of failure handling operation according to exem-
plary operation 2B enables motors 30 for the plurality of
shafts to stop quickly and safely.

As described above with reference to exemplary operation
2B, multiaxial motor control system 200 according to the
present exemplary embodiment i1s configured such that each
of device 202 and device 203 having detected failure dis-
connects electrification to motor 30, and device 201 not
disconnecting electrification outputs drive voltage Vd cor-
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responding to braking torque command Tb according to a
command signal recetved normally from controller 10, so as
to stop motors 30.

Multiaxial motor control system 200 1s also configured as
described above and thus executes the procedure obtained
by combining the immediate stop function and the non-drive
stop function during failure, as 1n exemplary operation 1B.
Stress applied to load 36 can thus be decreased 1n compari-
son to operation of immediately stopping both shait X1 and
shaft X2 i FIG. 4. Furthermore, one of the shaits stops
immediately and can thus needs a shorter stop distance and
shorter stop time 1n comparison to operation of naturally
stopping all the shatts.

The present exemplary embodiment exemplifies the case
where there are provided the two motor control devices. In
a case where there are provided motor control devices for a
plurality of shafits, the following configuration will be appli-
cable. Specifically, when at least one motor control device
detects failure 1n reception of a command signal, the at least
one motor control device having detected the failure dis-
connects electrification to the motor. When at least one of the
motor control devices not cancelling electrification to the
motor outputs a torque command for braking torque accord-
ing to a command signal recerved normally from the con-
troller to stop the motor. Such a configuration achieves
similar eflects.

(Exemplary Operation 2C)

Operation of each unit 1n a case where communication
between device 202 and device 203 1s interrupted will be
described next as exemplary operation 2C.

As FIG. 9C indicates ““failure occurs”, communication
between device 202 and device 203 1s interrupted during
pertod TC=T1, due to break or the like of commumnication
line D, or failure in communication function or the like of
device 203 1tself.

Subsequently during period TN=N 1 period TC=12,
communication controller 14 1 each of device 201 and
device 202 normally receives a command from controller
10, and device 201 and device 202 execute the ordinary
operation. Meanwhile, communication controller 14 1n
device 203 detects communication failure in response to the
tact that “failure occurs”.

Because the communication failure 1s detected 1n device
203, device 203 switches from operation according to a
command received from controller 10 to operation accord-
ing to mdividual control for the own device to execute the
non-drive stop, subsequently during period TN=N+1 in
period TC=T12. Specifically, in device 203, communication
controller 14 outputs stop command Em2 indicating activa-
tion of the non-drive stop, and drive unit 25 executes the
non-drive stop function. For execution of the non-drive stop,
similarly to the above, 1t 1s more preferred to apply the DB
stop through dynamic braking.

Subsequently during period TC=T13, controller 10 detects
communication failure and 1ssues an immediate stop com-
mand for every motor 30. In this case, device 201 and device
202 continue the ordinary operation whereas device 203 1s
kept in the non-drive stop state.

Subsequently during period TC=14, a command signal
1ssued from controller 10 for the immediate stop command
to every motor 30 1s received by each of device 201 and
device 202, and device 201 and device 202 each execute the
immediate stop at braking torque value C. In this case,
communication controller 14 1 each of device 201 and
device 202 transmits stop command Em1 to rotation con-
troller 24 or the like 1n accordance with the immediate stop
command from controller 10. Torque processor 46 1n each of
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device 201 and device 202 then reads braking torque com-
mand Tb having braking torque value C from torque amount
storage 44. The immediate stop function 1s executed 1n each
of device 201 and device 202 1n this manner. In contrast, the
command signal from controller 10 1s obviously not
received by device 203 to be disregarded, and device 203 1s
kept 1n the non-drive stop state.

Braking torque value C for the immediate stop 1n exem-
plary operation 2C preferably has an amount obtained
through dividing allowable maximum torque of multiaxial
motor control system 200 by a number of shafts (two 1n the
present practical example) to be immediately stopped. The
two shafts are immediately stopped in the present exemplary
operation, so that braking torque value C preferably has an
amount obtained through dividing the maximum torque by
two as the number of the shafts. In other words, braking
torque value C corresponds to a half of braking torque A’
mentioned above. Furthermore, two amounts of torque are
more preferred to match each other to be an 1dentical
amount, so as to mimmize the stop distances of the plurality
of drive shafts. Although torque less than the maximum
torque leads to a longer stop distance, the torque amount can
be determined 1n consideration of a stop position error
between the plurality of shafts, heat generation by the DB
circuits, and the like, to be necessary and suflicient. Spe-
cifically, braking torque can be set for each of the motor
control devices such that a sum of the braking torque output
from all the motor control devices 1s equal to or less than
allowable maximum braking torque of the present multiaxial
motor control system.

Exemplary operation 2C does not adopt the conventional
technique of immediately disconnecting electrification to
every motor 30 for the non-drive stop when communication
failure occurs between device 202 and device 203, but
includes application of braking torque by the immediate stop
function while at least one motor 30 keeps being electrified.
Execution of failure handling operation according to exem-
plary operation 2C enables motors 30 for the plurality of
shafts to stop quickly and safely.

As described above with reference to exemplary operation
2C, multiaxial motor control system 200 according to the
present exemplary embodiment 1s configured such that
device 203 having detected failure disconnects electrifica-
tion to motor 30, and each of device 201 device 202 not
disconnecting electrification outputs drive voltage Vd cor-
responding to braking torque command Tb according to a
command signal received normally from controller 10, so as
to stop motors 30.

Multiaxial motor control system 200 1s also configured as
described above and thus executes the procedure obtained
by combining the immediate stop function and the non-drive
stop function during failure, as in exemplary operation 1B
and exemplary operation 2B. Stress applied to load 36 can
thus be decreased 1n comparison to operation of immediately
stopping both shatt X1 and shait X2 in FIG. 4. Furthermore,
at least one of the shafts stops immediately and can thus
needs a shorter stop distance and shorter stop time in
comparison to operation of naturally stopping all the shafts.

The present exemplary embodiment exemplifies the case
where there are provided the three motor control devices. In
a case where there are provided motor control devices for a
plurality of shaits, the following configuration will be appli-
cable. Specifically, when at least one motor control device
detects failure 1n reception of a command signal, the at least
one motor control device having detected the failure dis-
connects electrification to the motor. When at least one of the
motor control devices not cancelling electrification to the
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motor outputs a torque command for braking torque accord-
ing to a command signal recerved normally from the con-
troller to stop the motor. Such a configuration achieves
similar eflects.

(Exemplary Operation 2D)

Operation of each unit 1n a case where communication
between device 203 and controller 10 1s interrupted will be
described next as exemplary operation 2D. Exemplary
operation 2D relates only to multiaxial motor control system
200 having ring connection.

As FIG. 9D indicates ““failure occurs”, communication
between device 203 and controller 10 1s interrupted during
pertod TC=T11, due to break or the like of communication
line C, or failure 1n communication function or the like of
controller 10 1tself.

Subsequently during period TN=N 1 period TC=12,
controller 10 detects communication failure and issues an
immediate stop command for every motor 30. motor control
devices 20 continue the ordinary operation.

Subsequently during period TC=13, motor control
devices 20 each execute the immediate stop at braking
torque value B' in accordance with the command recerved
from controller 10. Braking torque value B' for the imme-
diate stop 1n exemplary operation 2D preferably has an
amount obtained through dividing allowable maximum
torque of multiaxial motor control system 200 by the num-
ber of shaits to be immediately stopped. The three shatts are
immediately stopped in the present exemplary operation, so
that braking torque value B' preferably has an amount
obtained through dividing the maximum torque by three as
the number of the shafts. In other words, braking torque
value B' corresponds to one third of braking torque A
mentioned above. Furthermore, three amounts of torque are
more prelferred to match one another to be an identical
amount, so as to minimize the stop distances of the plurality
of drive shaits. In consideration of safety and the like,
braking torque can be set for each motor control device 20
such that a sum of the braking torque output from all motor
control devices 20 1s equal to or less than allowable maxi-
mum braking torque of multiaxial motor control system 200.

Exemplary operation 2D also does not adopt the conven-
tional technique of immediately disconnecting electrifica-
tion to every motor 30 for the non-drive stop when com-
munication failure occurs between device 203 and controller
10, but 1includes application of braking torque such that the
maximum braking torque 1s dispersed to the respective
shafts while every motor 30 keeps being electrified. Execu-
tion of failure handling operation according to exemplary
operation 2D enables motors 30 for the plurality of shatts to
stop quickly and safely.

As described above with reference to exemplary operation
2D, multiaxial motor control system 200 according to the
present exemplary embodiment 1s configured such that,
when controller 10 detects failure 1n reception of a response
signal from device 203 to a command signal, all of device
201, device 202, and device 203 each output braking torque
according to the command signal from controller 10 to stop
motor 30.

Similarly to ring multiaxial motor control system 200
described above, a trniaxial motor control system (not
depicted) having line connection can be configured such that
the configuration depicted in FIG. 2 1s applied with differ-
ence between the biaxial motor control system having ring
connection depicted 1n FIG. 1 and the triaxial motor control
system having ring connection depicted in FIG. 7. The
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configuration described with reference to each of exemplary
operation 2A to exemplary operation 2D 1s also applicable to

such a line configuration.

A method of emergently stopping motors 30 adopted for
multiaxial motor control system 100, 200 for two or three
shafts described above 1s applicable also to a multiaxial
motor control system for four or more shatts corresponding
to motors 30 and controlled synchronously. Addition of one
motor control device 20 corresponding to second-shaft
motor control device 202 added for increase from the two
shafts to the three shaits 1s required every time one shait 1s
added. Added motor control device 20 needs to be config-
ured to execute immediate stop, non-drive stop, or 1mme-
diate stop after elapse of predetermined time from the end of
continuous operation, similarly to adjacent motor control
devices 20.

Third Exemplary Embodiment

FIG. 10 1s a block diagram depicting a ring network
configuration of multiaxial motor control system 300 for two
shafts, having ring connection, according to a third exem-
plary embodiment of the present invention. FIG. 11 15 a
block diagram depicting a detailed exemplary configuration
of motor control device 50 according to the third exemplary
embodiment of the present invention. As depicted in FIG.
10, multiaxial motor control system 300 configures a triaxial
motor control system including controller 10 and two motor
control devices 50 connected to form a ring shape. In
comparison to the first exemplary embodiment, multiaxial
motor control system 300 according to the present exem-
plary embodiment includes motor control devices 50 in
place of motor control devices 20 of the first exemplary
embodiment.

Motor control devices 20 according to the first exemplary
embodiment are each configured to selectively adopt the
above three functions for stop of driving the motor upon
detection of communication failure. In contrast, motor con-
trol devices 50 according to the present exemplary embodi-
ment are each configured to stop driving the motor by
adopting only the immediate stop function. Communication
controller 14 thus notifies rotation controller 24 of only stop
command Eml. Each motor control device 50 does not
include any DB circuit, and drive unit 535 1in motor control
device 50 includes only drive output generator 51. A con-
stituent element same as a constituent element according to
the first exemplary embodiment will be denoted by an
identical reference mark and will not be described 1n detail
repeatedly.

Multiaxial motor control system 300 thus configured will
be described next 1in terms of operation and eflects.

FIG. 12A and FIG. 12B (hereinafter, mentioned as FIG.
12A to FIG. 12B where appropriate) each indicate chrono-
logical operation of controller 10 and motor control devices
50 1n a case where multiaxial motor control system 300 for
two shatts depicted in FIG. 10 has communication failure as
described 1n the first exemplary embodiment. FIG. 12A
indicates exemplary operation of each unit 1n a case where
communication between controller 10 and first-shaft motor
control device 501 1s interrupted. FIG. 12B indicates exem-
plary operation of each umit in a case where communication
between first-shait motor control device 501 and second-
shaft motor control device 502 1s iterrupted. Operation
during communication interruption between second-shaft
motor control device 502 and controller 10 1s similar to
exemplary operation 1C described with reference to FIG. 6C
in the first exemplary embodiment, and will not be described
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in detail repeatedly. For better comprehension of operation
according to the present exemplary embodiment, FIG. 12A
to FIG. 12B each indicate mainly operation of controller 10
and motor control devices 50 relevant to emergency stop of
motors 30 upon detection of communication failure. As in
the first exemplary embodiment, hereinatter, the motor con-
trol devices will be specified appropriately by being 1denti-
fied as device 501 and device 502, while each of the motor
control devices will generically be called motor control
device 50.

(Exemplary Operation 3A)

Operation of each unit 1n a case where communication
between controller 10 and first-shaft motor control device
501 1s interrupted will be described itially as exemplary
operation 3A.

As FIG. 12A 1indicates ““failure occurs”, communication
between controller 10 and device 501 1s interrupted during
pertod TC=T1 as 1n exemplary operation 1A, due to break
or the like of communication line A, or failure in commu-
nication function or the like of device 501 1itself.

Subsequently during period TN=N 1 period TC=12,
communication controller 14 1 each of device 501 and
device 502 detects communication failure.

Although the communication failure 1s detected at this
timing, 1 exemplary operation 3A, device 501 and device
502 subsequently each execute operation with switching to
individual control for the own device 1n accordance with the
latest command from controller 10 received most recently 1n
the normal communication state (hereinatfter, called continu-
ous operation). The continuous operation i1s executed for
time to be described later.

Meanwhile, controller 10 detects communication failure
and 1ssues an 1mmediate stop command for every motor 30
during period TC=13. However, communication between
controller 10 and device 501 has failure. A command signal
from controller 10 obviously fails to reach each of device
501 and device 502. As described above, device 501 and
device 502 each execute the continuous operation in accor-
dance with individual control for the own device 1n this case.

The time for the continuous operation 1s preset 1n device
501 and device 502. The time for the continuous operation
1s set 1n consideration of period TC and period TN required
due to speed of communication among controller 10, device
501, and device 502, processing speed of controller 10, and
the like. Furthermore, the signal from controller 10 for the
immediate stop command will not reach each of device 501
and device 502 as described above.

The execution time for the continuous operation 1s deter-
mined on the assumption that a command issued by con-
troller 10 during period TC=13 can be received normally by
cach of device 501 and device 502 during period TC=14.
The time for the continuous operation on this assumption
lasts from start of the continuous operation until each of
device 501 and device 502 receives a command signal and
executes immediate stop. Motor control devices 50 accord-
ing to the present exemplary embodiment each have preset
time from start of the continuous operation until motor
control device 50 outputs braking torque set in rotation
controller 24 and motor 30 stops as predetermined time for
the continuous operation. This predetermined time 1s set to
be equal to k (k 1s a natural number) times of command
update period TC as the reference period for transmission of
a command signal by controller 10.

After the time for the continuous operation elapses,
device 501 and device 502 each execute the immediate stop
as indicated 1in FIG. 12 A, not 1n accordance with a command
received from controller 10 but 1n accordance with braking
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torque command Tb having braking torque value B preset in
torque amount storage 44 1n rotation controller 24. Specifi-
cally, 1n each of device 501 and device 502, communication
controller 14 outputs stop command Em1 indicating activa-
tion of the immediate stop, and rotation controller 24
executes the immediate stop function. Braking torque value
B for the immediate stop 1n exemplary operation 3A pret-
erably has an amount obtained through dividing allowable
maximum torque of multiaxial motor control system 300 by
a number ol shafts to be immediately stopped. The two
shafts are immediately stopped in the present exemplary
operation, so that braking torque value B preferably has an
amount obtained through dividing the maximum torque by
two as the number of the shafts. In other words, braking
torque value B corresponds to a half of the maximum
braking torque value. Furthermore, two amounts of torque
are more preferred to match each other to be an identical
amount, so as to mimmmize the stop distances of the plurality
of drive shafts. In consideration of safety and the like,
braking torque can be set for each of the motor control
devices such that a sum of the braking torque output from all
the motor control devices 1s equal to or less than allowable
maximum braking torque of the present multiaxial motor
control system.

Exemplary operation 3A also does not adopt the conven-
tional technique of immediately disconnecting electrifica-
tion to every motor 30 for non-dnive stop when communi-
cation failure occurs between controller 10 and device 501,
but includes application of braking torque such that the
maximum braking torque 1s dispersed to the respective
shafts while every motor 30 keeps being electrified. Execu-
tion of failure handling operation according to exemplary
operation 3A enables motors 30 for the plurality of shaftts to
stop quickly and safely.

As described above with reference to exemplary operation
3 A, 1n multiaxial motor control system 300 according to the
present exemplary embodiment, each of device 501 and
device 502 having detected failure outputs driving torque
according to a command signal received normally before the
failure detection to execute the continuous operation of the
corresponding motor. After the predetermined time from
start of the continuous operation, all of device 501 and
device 502 for control of the plurality of shafts each output
braking torque preset in the rotation controller to stop the
corresponding motor.

The present exemplary embodiment exemplifies the case
where there are provided the two motor control devices. In
a case where there are provided motor control devices for a
plurality of shaits, the following configuration will be appli-
cable. In a case where at least one motor control device
detects failure 1n reception of a command signal, the at least
one motor control device having detected the failure outputs
driving torque according to a command signal received
normally before the detection of the failure to execute the
continuous operation of the motor. After the predetermined
time from start of the continuous operation, all of the motor
control devices for control of the plurality of shaits each
output braking torque preset 1n the rotation controller to stop

the corresponding motor. Such a configuration achieves
similar eflects.
(Exemplary Operation 3B)

Operation of each unit 1n a case where communication
between device 501 and device 502 i1s mterrupted will be
described next as exemplary operation 3B.

As FIG. 12B indicates “tailure occurs”, communication

between device 501 and device 502 1s imterrupted during
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pertod TC=T1, due to break or the like of communication
line B, or failure in communication function or the like of
device 502 itsell.

Subsequently during period TN=N 1n period TC=12,
communication controller 14 1 device 501 normally
receives a command from controller 10, and device 501
executes ordinary operation. Meanwhile, communication
controller 14 1n device 502 detects communication failure 1in
response to the fact that “failure occurs™.

Although the communication failure 1s detected at this
timing, according to exemplary operation 3B, device 502
subsequently switches to individual control for the own
device and executes the continuous operation. The continu-
ous operation 1s executed for time to be described later.

Subsequently during period TC=T13, controller 10 detects
communication failure and 1ssues an immediate stop com-
mand for every motor 30. In this case, device 501 continues
the ordinary operation whereas device 502 executes the
continuous operation.

The time for the continuous operation 1s preset 1 device
502. The time for the continuous operation 1s set 1n consid-
eration of period TC and period TN required due to speed of
communication among controller 10, device 501, and device
502, processing speed of controller 10, and the like. Fur-
thermore, the execution time for the continuous operation 1s
determined on the assumption that a command 1ssued by
controller 10 during period TC=T3 can be received normally
by each of device 501 and device 502 during period TC=T4.
The time for the continuous operation on this assumption
lasts from start of the continuous operation until each of
device 501 and device 502 receives a command signal and
executes the immediate stop. As 1n exemplary operation 3 A,
motor control devices 50 each have preset time from start of
the continuous operation until motor control device 30
outputs braking torque set in rotation controller 24 and
motor 30 stops as predetermined time for the continuous
operation. This predetermined time 1s set to be equal to k (k
1s a natural number) times of command update period TC as
the reference period for transmission of a command signal
by controller 10.

After the time for the continuous operation elapses,
device 501 executes the immediate stop at braking torque
value B 1n accordance with the command received from
controller 10. Meanwhile, device 502 executes the immedi-
ate stop not 1n accordance with a command received from
controller 10, but in accordance with individual control for
the own device 1n the continuous operation, at preset braking,
torque value B. Braking torque value B for the immediate
stop 1n exemplary operation 3B preferably has an amount
obtained through dividing allowable maximum torque of
multiaxial motor control system 300 by the number of shaifts
to be immediately stopped. The two shafts are immediately
stopped 1n the present exemplary operation, so that braking
torque value B preferably has an amount obtained through
dividing the maximum torque by two as the number of the
shafts. In other words, braking torque value B corresponds
to a half of the maximum braking torque value. Furthermore,
two amounts of torque are more preferred to match each
other to be an 1dentical amount, so as to minimize the stop
distances of the plurality of drive shafts. In consideration of
safety and the like, braking torque can be set for each of the
motor control devices such that a sum of the braking torque
output from all the motor control devices 1s equal to or less
than allowable maximum braking torque of the present
multiaxial motor control system.

Exemplary operation 3B also does not adopt the conven-
tional technique of immediately disconnecting electrifica-
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tion to every motor 30 for the non-drive stop when com-
munication failure occurs between device 501 and device

502, but includes application of braking torque such that the
maximum braking torque 1s dispersed to the respective
shafts while every motor 30 keeps being electrified. Execu-
tion of failure handling operation according to exemplary
operation 3B enables motors 30 for the plurality of shaftts to
stop quickly and safely.

As described above with reference to exemplary operation
3B, in multiaxial motor control system 300 according to the
present exemplary embodiment, device 502 having detected
failure outputs driving torque according to a command
signal recerved normally before the failure detection to
execute the continuous operation of motor 30. After prede-
termined time from start of the continuous operation, device
502 outputs braking torque preset in the rotation controller
to stop the motor. In multiaxial motor control system 300
according to the present exemplary embodiment, device 501
not executing the continuous operation outputs braking
torque according to a command signal received normally
from controller 10 to stop the motor.

The present exemplary embodiment exemplifies the case
where there are provided the two motor control devices. In
a case where there are provided motor control devices for a
plurality of shafits, the following configuration will be appli-
cable. In a case where at least one motor control device
detects failure 1n reception of a command signal, the at least
one motor control device having detected the failure outputs
driving torque according to a command signal received
normally before the detection of the failure to execute the
continuous operation ol the motor. After the predetermined
time from start of the continuous operation, at least one of
the motor control devices having executed the continuous
operation outputs braking torque preset 1n the torque con-
troller to stop the motor. When at least one of the motor
control devices not executing the continuous operation out-
puts braking torque according to a command signal received
normally from the controller to stop the motor. Such a
configuration achieves similar eflects.

Fourth Exemplary Embodiment

FIG. 13 1s a block diagram depicting a ring network
configuration of multiaxial motor control system 400 for
three shaits according to a fourth exemplary embodiment of
the present invention. As depicted mm FIG. 13, multiaxial
motor control system 400 configures a triaxial motor control
system 1ncluding controller 10 and three motor control
devices 30 connected to form a ring shape. Specifically,
according to the present exemplary embodiment, additional
motor control device 50 1s connected 1n series between two
motor control devices 50 depicted 1n FIG. 10. Motor control
devices 30 are each configured as 1n an internal configura-
tion depicted 1n FIG. 11. A portion 1dentical or correspond-
ing to a portion according to the third exemplary embodi-
ment will be denoted by an 1dentical reference mark and will
not be described partially.

In the trniaxial configuration according to the present
exemplary embodiment as depicted in FIG. 13, second-shafit
motor control device 502 and third-shait motor control
device 503 have network connection via communication line
11 specified as communication line D, and third-shait motor
control device 503 and controller 10 have network connec-
tion via communication line 11 specified as communication
line C.

Multiaxial motor control system 400 thus configured will
be described next 1in terms of operation and eflects.
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FIG. 14A, FIG. 14B, and FIG. 14C (heremafter, men-
tioned as FIG. 14A to FIG. 14C where appropriate) each
indicate chronological operation of controller 10 and motor
control devices 50 1n a case where multiaxial motor control
system 400 for three shafts depicted 1n FIG. 13 has com-
munication failure as described in the first exemplary
embodiment. FIG. 14A indicates exemplary operation of
cach unit 1n a case where communication between controller
10 and first-shaft motor control device 501 is interrupted.
FIG. 14B 1ndicates exemplary operation of each unit 1 a
case where communication between first-shait motor control
device 501 and second-shait motor control device 502 1is
interrupted. FIG. 14C indicates exemplary operation of each
unit in a case where communication between second-shaft
motor control device 502 and third-shaft motor control
device 503 1s mterrupted. Operation during communication
tailure between third-shait motor control device 503 and
controller 10 1s similar to exemplary operation 2D described
with reference to FIG. 9D 1n the second exemplary embodi-
ment, and will not be described 1n detail repeatedly. For
better comprehension of operation according to the present
exemplary embodiment, FIG. 14A to FIG. 14C each indicate
mainly operation of controller 10 and motor control devices
50 relevant to emergency stop of motors 30 upon detection
of communication failure. As in the third exemplary
embodiment, hereinafter, the motor control devices will be
specified appropriately by being i1dentified as device 501,
device 502, and device 503, while each of the motor control
devices will generically be called motor control device 50.
(Exemplary Operation 4A)

Operation of each unit 1n a case where communication
between controller 10 and {first-shaft motor control device
501 1s mterrupted will be described 1mitially as exemplary
operation 4A.

As FIG. 14A 1indicates “failure occurs”, communication
between controller 10 and device 501 1s interrupted during,
period TC=T1 as 1n exemplary operation 2A, due to break
or the like of communication line A, or failure in commu-
nication function or the like of device 501 1itself.

Subsequently during period TN=N 1n period TC=12,
communication controller 14 in each of device 501, device
502, and device 503 detects communication failure.

Although the communication failure 1s detected at this
timing, 1n exemplary operation 4A, device 501, device 502,
and device 503 subsequently each execute operation with
switching to individual control for the own device in accor-
dance with the latest command from controller 10 received
most recently in the normal communication state (hereinai-
ter, called continuous operation). The continuous operation
1s executed for time preset in each motor control device 50
as 1n exemplary operation 3A for the biaxial motor control
system. The time will not be described 1n detail repeatedly.

Meanwhile, controller 10 detects communication failure
and 1ssues an immediate stop command for every motor 30
during period TC=T3. However, communication between
controller 10 and device 501 has failure. A command signal
from controller 10 obviously fails to reach each of device
501, device 502, and device 503. As described above, device
501, device 502, and device 503 each execute the continuous
operation 1n accordance with individual control for the own
device 1n this case.

After the time for the continuous operation elapses,
device 501, device 502, and device 503 each execute imme-
diate stop as indicated in FIG. 14 A, not in accordance with
a command received from controller 10 but in accordance
with braking torque command Tb having braking torque
value B' preset 1n torque amount storage 44 in rotation
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controller 24. Specifically, 1n each of device 501, device 502,
and device 503, communication controller 14 outputs stop
command Em1 indicating activation of the immediate stop,
and rotation controller 24 executes the immediate stop
function.

Braking torque value B' for the immediate stop 1n exem-
plary operation 4A preferably has an amount obtained
through dividing allowable maximum torque of multiaxial
motor control system 400 by a number of shafts to be
immediately stopped. The three shaits are immediately
stopped 1n the present exemplary operation, so that braking
torque value B' preferably has an amount obtained through
dividing the maximum torque by three as the number of the
shafts. In other words, braking torque value B' corresponds
to one third of the maximum braking torque value. Further-
more, three amounts of torque are more preferred to match
one another to be an 1dentical amount, so as to minimize the
stop distances of the plurality of drive shafts. In consider-
ation of safety and the like, braking torque can be set for
cach of the motor control devices such that a sum of the
braking torque output from all the motor control devices 1s
equal to or less than allowable maximum braking torque of
the present multiaxial motor control system.

Exemplary operation 4A also does not adopt the conven-
tional technique of immediately disconnecting electrifica-
tion to every motor 30 for the non-drive stop when com-
munication failure occurs between controller 10 and device
501, but includes application of braking torque such that the
maximum braking torque 1s dispersed to the respective
shafts while every motor 30 keeps being electrified. Execu-
tion of failure handling operation according to exemplary
operation 4A enables motors 30 for the plurality of shaftts to
stop quickly and safely.

As described above with reference to exemplary operation
4 A, 1n multiaxial motor control system 400 according to the
present exemplary embodiment, each of device 501, device
502, and device 503 having detected failure outputs driving
torque according to a command signal received normally
betore the failure detection to execute the continuous opera-
tion of the corresponding motor. After predetermined time
from start of the continuous operation, all of device 501,
device 502, and device 503 for control of the plurality of
shafts each output braking torque preset in the rotation
controller to stop the corresponding motor.

The present exemplary embodiment exemplifies the case
where there are provided the three motor control devices. In
a case where there are provided motor control devices for a
plurality of shaits, the following configuration will be appli-
cable. In a case where at least one motor control device
detects failure 1n reception of a command signal, the at least
one motor control device having detected the failure outputs
driving torque according to a command signal received
normally before the detection of the failure to execute the
continuous operation of the motor. After the predetermined
time from start of the continuous operation, all of the motor
control devices for control of the plurality of shaits each
output braking torque preset 1n the rotation controller to stop

the corresponding motor. Such a configuration achieves
similar eflects.
(Exemplary Operation 4B)

Operation of each unit 1n a case where communication
between device 501 and device 502 i1s mterrupted will be
described next as exemplary operation 4B.

As FIG. 14B indicates “tailure occurs”, communication
between device 501 and device 502 1s imterrupted during
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pertod TC=T1, due to break or the like of communication
line B, or failure in communication function or the like of
device 502 itsell.

Subsequently during period TN=N 1n period TC=12,
communication controller 14 1 device 501 normally
receives a command from controller 10, and device 501
executes ordinary operation. Meanwhile, communication
controller 14 1n each of device 502 and device 503 detects
communication failure in response to the fact that “failure
occurs”.

Although the communication failure 1s detected at this
timing, according to exemplary operation 4B, each of device
502 and device 503 subsequently switches to individual
control for the own device and executes the continuous
operation. The continuous operation 1s executed for time
similar to the time according to exemplary operation 3B for
the biaxial motor control system, and will not be described
in detail repeatedly.

Meanwhile, controller 10 detects communication failure
and 1ssues an 1mmediate stop command for every motor 30
during period TC=T13. In this case, device 5301 continues the
ordinary operation whereas device 502 and device 503
execute the continuous operation.

After the time for the continuous operation elapses,
device 501 executes the immediate stop at braking torque
value B' 1n accordance with the command received from
controller 10. Meanwhile, device 502 and device 503 each
execute the immediate stop not 1n accordance with a com-
mand received from controller 10, but in accordance with
individual control for the own device in the continuous
operation, at preset braking torque value B'. Braking torque
value B' for the immediate stop 1n exemplary operation 4B
preferably has an amount obtained through dividing allow-
able maximum torque ol multiaxial motor control system
400 by the number of shaits to be immediately stopped. The
three shaits are immediately stopped 1n the present exem-
plary operation, so that braking torque value B' preferably
has an amount obtained through dividing the maximum
torque by three as the number of the shafts. In other words,
braking torque value B' corresponds to one third of the
maximum braking torque value. Furthermore, three amounts
ol torque are more preferred to match one another to be an
identical amount, so as to minimize the stop distances of the
plurality of drive shaits. In consideration of safety and the
like, braking torque can be set for each of the motor control
devices such that a sum of the braking torque output from all
the motor control devices 1s equal to or less than allowable
maximum braking torque of the present multiaxial motor
control system.

Exemplary operation 4B also does not adopt the conven-
tional technique of immediately disconnecting electrifica-
tion to every motor 30 for the non-drive stop when com-
munication failure occurs between device 501 and device
502, but includes application of braking torque such that the
maximum braking torque 1s dispersed to the respective
shafts while every motor 30 keeps being electrified. Execu-
tion of failure handling operation according to exemplary
operation 4B enables motors 30 for the plurality of shatts to
stop quickly and safely.

As described above with reference to exemplary operation
4B, in multiaxial motor control system 400 according to the
present exemplary embodiment, each of device 502 and
device 503 having detected failure outputs driving torque
according to a command signal recerved normally before the
tallure detection to execute the continuous operation of
motor 30. After predetermined time from start of the con-
tinuous operation, each of device 502 and device 503
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outputs braking torque preset in the rotation controller to
stop the corresponding motor. In multiaxial motor control
system 400 according to the present exemplary embodiment,
device 501 not executing the continuous operation outputs
braking torque according to a command signal receirved
normally from controller 10 to stop the motor.

The present exemplary embodiment exemplifies the case
where there are provided the two motor control devices. In
a case where there are provided motor control devices for a
plurality of shaits, the following configuration will be appli-
cable. In a case where at least one motor control device
detects failure 1n reception of a command signal, the at least
one motor control device having detected the failure outputs
driving torque according to a command signal received
normally before the detection of the failure to execute the
continuous operation of the motor. After the predetermined
time from start of the continuous operation, at least one of
the motor control devices having executed the continuous
operation outputs braking torque preset 1in the torque con-
troller to stop the motor. When at least one of the motor
control devices not executing the continuous operation out-
puts braking torque according to a command signal recerved
normally from the controller to stop the motor. Such a
configuration achieves similar effects.

(Exemplary Operation 4C)

Operation of each unit 1n a case where communication
between device 502 and device 503 1s iterrupted will be
described next as exemplary operation 4C.

As FIG. 14C indicates “failure occurs”, communication
between device 502 and device 503 1s interrupted during
period TC=T1, due to break or the like of commumnication
line D, or failure in communication function or the like of
device 3503 itsell.

Subsequently during pertod TN=N 1n period TC=T2,
communication controller 14 1 each of device 501 and
device 502 normally receives a command from controller
10, and device 501 and device 502 execute the ordinary
operation. Meanwhile, commumnication controller 14 1n
device 503 detects communication failure 1n response to the
fact that “failure occurs”.

Although the communication failure 1s detected at this
timing, according to exemplary operation 4C, device 503
subsequently switches to individual control for the own
device and executes the continuous operation. The continu-
ous operation 1s executed for time similar to the time
according to exemplary operation 3B for the biaxial motor
control system, and will not be described 1n detail repeat-
edly.

Meanwhile, controller 10 detects communication failure
and 1ssues an immediate stop command for every motor 30
during period TC=T3. In this case, device 501 and device
502 each continue the ordinary operation whereas device
503 executes the continuous operation.

After the time for the continuous operation elapses,
device 501 and device 502 each execute the immediate stop
at braking torque value B' in accordance with the command
recetved from controller 10. Meanwhile, device 503
executes the immediate stop not in accordance with a
command received from controller 10, but in accordance
with individual control for the own device 1n the continuous
operation, at preset braking torque value B'. Braking torque
value B' for the immediate stop 1n exemplary operation 4C
preferably has an amount obtained through dividing allow-
able maximum torque ol multiaxial motor control system
400 by the number of shaits to be immediately stopped. The
three shafts are immediately stopped 1n the present exem-
plary operation, so that braking torque value B' preferably
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has an amount obtained through dividing the maximum
torque by three as the number of the shafts. In other words,

braking torque value B' corresponds to one third of the
maximum braking torque value. Furthermore, three amounts
of torque are more preferred to match one another to be an
identical amount, so as to minimize the stop distances of the
plurality of drive shaits. In consideration of safety and the
like, braking torque can be set for each of the motor control
devices such that a sum of the braking torque output from all
the motor control devices 1s equal to or less than allowable
maximum braking torque of the present multiaxial motor
control system.

Exemplary operation 4C also does not adopt the conven-
tional technique of immediately disconnecting electrifica-
tion to every motor 30 for the non-drive stop when com-
munication failure occurs between device 502 and device
503, but includes application of braking torque while every
motor 30 keeps being electrified. Execution of failure han-
dling operation according to exemplary operation 4C
enables motors 30 for the plurality of shafts to stop quickly
and safely.

As described above with reference to exemplary operation
4C, 1in multiaxial motor control system 400 according to the
present exemplary embodiment, device 503 having detected
faillure outputs driving torque according to a command
signal received normally before the failure detection to
execute the continuous operation of motor 30. After prede-
termined time from start of the continuous operation, device
503 outputs braking torque preset 1n the rotation controller
to stop the motor. In multiaxial motor control system 400
according to the present exemplary embodiment, each of
device 501 and device 502 not executing the continuous
operation outputs braking torque according to a command
signal received normally from controller 10 to stop the
corresponding motor.

The present exemplary embodiment exemplifies the case
where there are provided the two motor control devices. In
a case where there are provided motor control devices for a
plurality of shafts, the following configuration will be appli-
cable. In a case where at least one motor control device
detects failure 1n reception of a command signal, the at least
one motor control device having detected the failure outputs
driving torque according to a command signal received
normally before the detection of the failure to execute the
continuous operation of the motor. After the predetermined
time from start of the continuous operation, at least one of
the motor control devices having executed the continuous
operation outputs braking torque preset 1n the torque con-
troller to stop the motor. When at least one of the motor
control devices not executing the continuous operation out-
puts braking torque according to a command signal received
normally from the controller to stop the motor. Such a
configuration achieves similar effects.

Fifth Exemplary Embodiment

FIG. 15 1s a block diagram depicting a ring network
configuration of multiaxial motor control system 500 for two
shafts according to a fifth exemplary embodiment of the
present invention. Multiaxial motor control system 500
depicted 1n FIG. 15 has ring connection and includes motors
for two shafts to be controlled synchronously by motor
control devices 20, and three asynchronous motor control
devices 70. Specifically, three asynchronous motor control
devices 70 are configured to execute control not in synchro-
nization with first and second shafts and are connected in
series to be each interposed between controller 10, first-shaftt
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motor control device 201, and second-shalt motor control
device 202 depicted in FIG. 1.

Asynchronous motor control devices 70 are similar to
motor control devices 20 but are not configured to execute
synchronous control of driving or stopping in the present
invention.

A portion 1dentical or corresponding to a portion accord-
ing to the first exemplary embodiment will be denoted by an
identical reference mark and will not be described partially.

Controller 10, motor control device 70, motor control
device 201, motor control device 70, motor control device
202, motor control device 70, and controller 10 have net-
work connection in the mentioned order via communication
lines 11 specified as commumnication line E, communication
line F, communication line G, communication line H, com-
munication line I, and communication line J, respectively.

Multiaxial motor control system 500 thus configured

[

initially has communication failure at communication line E,
communication line F, or motor control device 70 disposed
between communication line E and communication line F. In
such a case, motor control device 201 and motor control
device 202 according to the present exemplary embodiment,
configured to execute synchronous control, execute emer-
gency stop operation as 1n the case of detection of commu-
nication failure generated at communication line A 1in the
first exemplary embodiment.

Communication failure occurs at communication line G,
communication line H, or motor control device 70 disposed
between communication line G and communication line H.
In such a case, motor control device 201 and motor control
device 202 according to the present exemplary embodiment,
configured to execute synchronous control, execute emer-
gency stop operation as 1n the case of detection of commu-
nication failure generated at communication line B in the
first exemplary embodiment.

Furthermore, communication failure occurs at communi-
cation line I, communication line J, or motor control device
70 disposed between communication line I and communi-
cation line J. In such a case, motor control device 201 and
motor control device 202 configured to execute synchronous
control, execute emergency stop operation as in the case of
detection of communication failure generated at communi-
cation line C 1n the first exemplary embodiment.

One or two of asynchronous motor control devices 70 are
removed, or there 1s further provided an asynchronous motor
control device 1n addition to asynchronous motor control
devices 70. Also 1n such a case, motor control device 201
and motor control device 202 configured to execute syn-
chronous control can obviously execute emergency stop
operation as 1n the first exemplary embodiment by appro-
priately adopting that described above.

A multiaxial motor control system for three or more shaftts
corresponding to motors and controlled synchronously also
includes a motor control device configured not to execute
synchronous control. Also 1n such a case, emergency stop
operation can obviously be executed as in the second
exemplary embodiment or the fourth exemplary embodi-
ment by appropriately adopting that described above.

Also 1n a case of a configuration (not depicted) obtained
by applying difference between the multiaxial motor control
system having ring connection depicted in FIG. 1 and the
multiaxial motor control system having ring connection
depicted 1n FIG. 15 to the multiaxial motor control system
having line connection depicted in FIG. 2, emergency stop
operation can be executed as 1n the first exemplary embodi-
ment.
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INDUSTRIAL APPLICABILITY

As described above, the multiaxial motor control system
according to the present invention 1s configured to control
the motor control devices for a plurality of shafts having
network connection with the controller. When the motor
control devices are controlled 1n such a configuration, com-
munication failure may occur due to break or the like of a
communication line or malfunction of any device on the
network and each of the motor control devices may fail to
receive a command signal from the controller. The present
invention enables motors for the plurality of shaits to be
stopped safely and quickly by application of braking torque
even during such commumnication failure, while at least one
ol the motors keeps being electrified.

REFERENCE MARKS IN THE DRAWINGS

10 controller

11 communication line

12 transmitter

13 receiver

14 communication controller

17 transmitting-recerving device
20, 50, 70, 201, 202, 203, 501, 502, 503 motor control

device (device)

24 rotation controller
25, 55 drive unit

26 DB circuit (dynamic brake circuit)

30 motor
31 coil

32 position detector
35 control target mechanism

36 load

41 position controller

43 speed controller

44 torque amount storage
46 torque processor

51 drive output generator

53 drive voltage switch
61 DB switch
63 DB resistor

100, 110, 200, 300, 400, 500 multiaxial motor control
system

The invention claimed 1s:

1. A multiaxial motor control system configured to control
motors for a plurality of shafts included in a multiaxial
machine, the multiaxial motor control system comprising:

a plurality of motor control devices each configured to

drive a corresponding one of the motor, wherein each
of the plurality of the motor control devices generates
a first torque command based on a first command
signal, and stops each of the motors by applying a first
braking torque corresponding to the first torque com-
mand; and

a controller having network connection with the plurality

of motor control devices, the controller being con-
nected with the plurality of motor control devices by a
ring network or a line network, wherein the controller
1s configured to transmit a second command signal
when the controller controls the plurality of motor
control devices and transmait the first command signal
to control the plurality of motor control devices when
the controller detects a failure of the plurality of motor
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control devices or a failure of the ring network or a line

network, wherein:

cach of the plurality of motor control devices includes:

a communication controller configured to receive the
second command signal, transmit the received sec-
ond command signal to another of the plurality of
motor control devices, and determine whether or not
the second command signal 1s received normally,

a rotation controller configured to generate a second
torque command for operation of the corresponding
one of the motors, and

a drive unit configured to generate a drive voltage for
clectrification to drive the corresponding one of the
motors in accordance with the second torque com-
mand,

the plurality of motor control devices include a first motor

control device provided at a signal receiving side of a

location of a failure 1n the network,

the first motor control device disconnects electrification to

a motor connected to the first motor control device,

when the communication controller of the first motor

control device detects failure 1n reception of the second
command signal,

the plurality of motor control devices further include a

second motor control device provided at the signal
receiving side of the location of the failure in the
network, the second motor control device being con-
nected to the first motor control device 1 a series
connection in the network so that the first motor control
device communicates the second motor control device
bypassing the controller, and

the second motor control device generates a third torque

command preliminary set by the rotation controller of
the second motor control device and stops a motor
connected to the second motor control device by apply-
ing a second control torque when the communication
controller detects the failure of the reception of the
second command signal, the second control torque
corresponding to the third torque command.

2. The multiaxial motor control system of claim 1, turther
including:

a second motor control device at a signal transmitting side

of a location of a failure 1n the network, and

a plurality of first motor control devices including the first

motor control device, wherein

cach of the plurality of first motor control devices
disconnects electrification to the each of the motors
connected to the first motor control device, when the
communication controller detects failure 1n reception
of the second command signal, and

the second motor control device generates the first
torque command when the second motor control
device receives the first command signal, the first
command signal being output when the controller
detects the failure.

3. The multiaxial motor control system of claim 1,
wherein the communication controller transmits a response
signal to the controller, and

the controller outputs the first command signal when the

controller detects a failure of a reception of the

response signal.

4. The multiaxial motor control system of claim 1,
wherein

the plurality of motor control devices includes a second

motor control device and a third motor control device,

the second motor control device being positioned at a

signal transmitting side of a location of a failure 1n the
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network, and the third motor control device being
positioned at the signal receiving side of a location of
a failure in the network,

the second motor control device generates the first torque
command and stops the motors connected to the second
motor control devices by applying the first braking
torque corresponding to the first torque command when
the controller receive the first command signal, the first
command signal being output when the controller

detects the failure,

the third motor control device generates third torque

command which 1s preliminary set by the rotation

controller and stops motor connected to the third motor
control devices by applying second braking torque
corresponding to the third torque command, and

a sum ol an amount of the first braking torque and an

amount of the second braking torque 1s equal to or less

than allowable maximum braking torque of the multi-
axial motor control system.

5. A multiaxial motor control system configured to control
motors for a plurality of shafts included in a multiaxial
machine, the multiaxial motor control system comprising:

a plurality of motor control devices each configured to

drive a corresponding one of the motors, the plurality

of motor control devices generate a first torque com-
mand based on a first command signal, and stops each

of the motors for the plurality of shafts by applying a

first braking torque corresponding to the first torque

command, and

a controller connected with the plurality of motor control

devices by a ring network or a line network, wherein
the controller 1s configured to transmit a second com-
mand signal when the controller drives the plurality of
motor control devices and transmit the first command
signal when the controller detects a failure of the
plurality of motor control devices or a failure of the
network, wherein:

cach of the plurality of motor control devices includes:

a communication controller configured to receive a
second command signal, transmit the received sec-
ond command signal, and determine whether or not
the second command signal 1s received normally,

a rotation controller configured to generate a second
torque command for operation of the each of the
motors, and

a drive unit configured to generate a drive voltage for
clectrification to drnive the corresponding one of the
motors based on the second torque command,

at least one of the plurality of motor control devices 1s

configured to commumnicate another of the plurality of

motor control device bypassing the controller,

the plurality of motor control devices includes a first

motor control device at signal receiving side of a

location of a failure in the network, and

the first motor control device continues to operate a motor

connected with the first motor control device by apply-
ing a second driving torque based on the second
command signal which 1s recerved normally before the
detection of the failure, and stops the motor connected
with the first motor control device by applying a third
braking torque at a predetermined time after a begin-
ning of the operation to continue, when the communi-
cation controller detects the failure of a reception of the
second command signal.

6. The multiaxial motor control system of claim 5,
wherein the plurality of motor control devices includes a
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second motor control device at signal transmitting side of a
location of a failure in the network, and

the second motor control device generates the first torque

command based on the first command signal, when the
communication controller receives the first command
signal, and stops the motor connected with each of the
second motor control devices.

7. The multiaxial motor control system of claim 6,
wherein the predetermined time 1s preset in each of the
motor control devices as a time from a start of the continu-
ous operation until the braking torque set in the rotation
controller 1s output and the corresponding one of the motors
1s stopped.

8. The multiaxial motor control system of claim 7,
wherein the predetermined time 1s set to be k times of a
reference period for transmission of the command signal by
the controller, where k 1s a natural number.

9. The multiaxial motor control system of claim 6,
wherein a total amount of a sum of an amount of the first
braking torque of the second motor control device and a sum
of an amount of the third braking torque of the first motor
control device 1s equal to or less than allowable maximum
braking torque of the multiaxial motor control system.

10. The multiaxial motor control system of claim 3,
wherein the predetermined time 1s preset in each of the
motor control devices as a time from the start of the
continuous operation until the braking torque set in the
rotation controller 1s output and the corresponding one of the
motors 1s stopped.

11. The multiaxial motor control system of claim 10,
wherein the predetermined time 1s set to be k times of a
reference period for transmission of the command signal by
the controller, where k 1s a natural number.

12. The multiaxial motor control system of claim 5,
wherein a sum of an amount of the third braking torque of
the first motor control devices 1s equal to or less than
allowable maximum braking torque of the multiaxial motor
control system.

13. The multiaxial motor control system of claim 1,
wherein the second motor control device further includes a
dynamic break circuit that 1s activated to disconnect elec-
trification to a corresponding one of the motors to stop the
motors, and the dynamic brake circuit includes a plurality of
switches and a plurality of resistors, each of the switches and
cach of the resistors corresponding to each of respective
phases of each of the motors.

14. The multiaxial motor control system of claim 13,
wherein each of the plurality of the switches 1s switched ON
or OFF 1n accordance with third stop command from com-
munication controller.

15. The multiaxial motor control system of claim 13,
wherein each of the plurality of the switches has a first end
connected to an input port for drive voltage of corresponding
coil of the motor and a second end connected to a first end
of corresponding resistor, and second ends of the plurality of
the resistors are connected with each other.

16. The multiaxial motor control system of claim 3,
wherein the second motor control device further includes a
dynamic break circuit that 1s activated to disconnect elec-
trification to a corresponding one of the motors to stop the

motors, and the dynamic brake circuit includes a plurality of
switches and a plurality of resistors, each of the switches and
cach of the resistors corresponding to each of respective
phases of each of the motors.
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17. The multiaxial motor control system of claim 16,
wherein each of the plurality of the switches 1s switched ON
or OFF 1n accordance with third stop command from com-
munication controller.

18. The multiaxial motor control system of claim 16,
wherein each of the plurality of the switches has a first end
connected to an input port for drive voltage of corresponding
coil of the motor and a second end connected to a first end
of corresponding resistor, and second ends of the plurality of
the resistors are connected with each other.

19. A multiaxial motor control system configured to
control motors for a plurality of shaits included in a multi-
axial machine, the multiaxial motor control system com-
prising:

a plurality of motor control devices each configured to

drive a corresponding one of the motor; and

a controller having network connection with the motor
control devices and configured to transmit a command
signal for control of the motor control devices,
wherein:

the motor control devices each include
a communication controller configured to receive the

command signal, transmit the received command
signal, and determine whether or not the command
signal 1s received normally,

a rotation controller configured to generate a torque
command for operation of the corresponding one of
the motors, and

a drive unit configured to generate a drive voltage for
clectrification to drive the corresponding one of the
motors 1n accordance with the torque command,

when at least one of the motor control devices detects
failure 1n reception of the command signal, the at least
one of the motor control devices outputs the torque
command for braking torque to stop the corresponding
one of the motors,

the plurality of motor control devices are connected 1n
series so that at least one of the plurality of motor
control devices 1s configured to communicate another
of the plurality of motor control device bypassing the
controller,

the controller and the plurality of motor control devices
are connected to form a ring network so that only a first
one of the plurality of motor control devices connected
in series and a last one of the plurality of motor control
devices connected 1n series are directly communicable
with the controller, or to form a line network so that
only a first one of the plurality of motor control devices
connected 1n series 1s directly communicable with the
controller.

20. A multiaxial motor control system configured to
control motors for a plurality of shaits included 1n a multi-
axial machine, the multiaxial motor control system com-
prising:

a plurality of motor control devices each configured to
drive a corresponding one of the motors, wherein each
of the plurality of the motor control devices generates
a first torque command based on a first command
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signal, and stops each of the motors for a plurality of

shafts by applying a first braking torque corresponding,

to the first torque command; and

a controller having network connection with the plurality

of motor control devices, the controller being con-
nected with the plurality of motor control devices by a
ring network or a line network, wherein the controller
1s configured to transmit a second command signal
when the controller controls the plurality of motor
control devices and transmit the first command signal
when the controller detects a failure of the plurality of
motor control devices or a failure of the ring network
or a line network,

wherein each of the plurality of motor control devices

includes,

a communication controller configured to receive the
second command signal, transmit the received sec-
ond command signal, and determine whether or not
the second command signal 1s received normally,

a rotation controller configured to generate a second
torque command for operation of the corresponding,
one of the motors, and

a drive unit configured to generate a drive voltage for
clectrification to drive the corresponding one of the
motors 1 accordance with the second torque com-
mand,

the plurality of motor control devices includes a first
motor control device provided at a signal receiving
side of a location of a failure in the network,

the first motor control devices further include a
dynamic brake circuit that 1s activated to disconnect
clectrification to a corresponding one of the motors
to stop the motor, the dynamic break circuit com-
prising a plurality of switches and a plurality of
resistors, each of the switches and each of the
resistors corresponding to each of respective phases
of the motors.

21. The multiaxial motor control system of claim 19,
wherein each of the plurality of the switches 1s switched ON
or OFF 1n accordance with third stop command from com-
munication controller.

22. The multiaxial motor control system of claim 19,
wherein each of the plurality of the switches has a first end
connected to an mput port for drive voltage of corresponding
coil of the motor and a second end connected to a first end
of corresponding resistor, and second ends of the plurality of
the resistors are connected with each other.

23. The multiaxial motor control system of claim 20,
wherein each of the plurality of the switches 1s switched ON
or OFF 1n accordance with third stop command from com-
munication controller.

24. The multiaxial motor control system of claim 20,
wherein each of the plurality of the switches has a first end
connected to an mput port for drive voltage of corresponding
coil of the motor and a second end connected to a first end
of corresponding resistor, and second ends of the plurality of
the resistors are connected with each other.
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